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odem chip sets 
raise their standards 


Varta’s new VR rechargeables 
permit improved charging rates: 
both trickle and overcharge. This pro- 
vides new benefits: The opportunity to, 
reduce costs by simplifying circuitry, 
and enhanced overcharge protection. 
Cost reduction of circuitry: Until now, 
typical NiCd button-cell charging circuits have had 
two steps...charge at 0.1 CA (14-16 hours) and trickle 
charge at 0.01 CA (100 hours) while delivering a 5-to- 
6 year life. The new VR’s can be used in this two-step 
circuitry. However, you can simplify your charging 
circuitry to one step, and reduce costs accordingly, by 
designing to both charge and trickle charge at 05 CA 
(only 25 hours from full discharge to full charge). The 
VR's will still provide 5-to-6 year life. 
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improved overcharge protection. 
To handle user abuse or unusual con- 
ditions, the new VR’s can be charged 
periodically at up to 0.2 CA (7-hour 
rate), while providing a useful life of up 
to six years. They can even be overcharged 
at 0.2 CA (room temp.) for one whole year. 
VR cells are dimensionally the same size as the 
DK cells they replace. Initial capacities (mAh) being 
phased in are 60, 100, 170 and 280 (re- uur 
placing the 250). Available in a wide 
variety of Varta battery packs and con- ™ 
nections. For this literature on the VRs 
or information on all Varta batteries, 
please call 1-800-431-2504 Ext. 961. 
FAX 914-599-9667. Or write, below. se 
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The EXAR 2400 MNP5 Modem Chip Set 


For The Next Generation V.22 bis Modem XR2400 MNP2-5 Features 
The cost effectiveness and superior performance of MNP® s MNP5 for error free 4800 BPS throughput in full duplex mode 
protocol for V.22bis modems is making it the most demanded = MNP2-4 for 100% error correction 
feature by all 2400 modem users. The XR 2400 MNP2-5 chipset CCITT V.22bis compliant 
allows you to out muscle your competition in this fast grow- = CCITT V.42 compatible 
ing market, right now! a Low power CMOS for laptop and portable modems 
s Same hardware for MNP/NON-MNP V.22bis designs 
Doubles Data Transfer Speed a Simple and cost effective implementation m...and more 


EXAR’s 2400 MNP5 data compression scheme increases the , | . 
effective throughput by up to 100% or 4800 BPS, and that’s in Call EXAR today at (408) 434-6400 and discuss your future 


products with... The XR-2321 (V.23/V.21) for Quad modem 
applications, V.42/V.42bis enhancement to the XR-2400 chip 
set, and the XR-2900 FAX/DATA modem. 


full duplex mode, cutting transmission costs dramatically. 
You don’t waste time or energy. 


100% Error Free Data 
. ee as . me Muscle In Your Modem 
Not only is the transmission time cut in half but data is now eutee . 
error free. Your customers get the data fast and correct the 
first time. EXA a .... the analog plus” company 


MNP is aregistered trademark of Microcom,Inc. Analog Plus is a trademark of EXAR Corporation. 


EXAR Corporation 2222 Qume Dr, P.0. Box 49007, San Jose, CA 95161-9007 Tel. (408) 434-6400 FAX (408) 943-8245 
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Maximum IEEE-488 Performance 
for Your High-Speed AT Computer 
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The National Instruments AT-GPIB... 
the new standard for IEEE-488 interfaces 


1 Mbytes/sec Transfers — At last, a low-cost 
IEEE-488 PC/AT controller board can transfer data 
continuously at the maximum specified rate of 

| Mbytes/sec. The key to this performance is the 
state-of-the-art FIFO buffering and special last-byte 
handling circuitry of our custom gate array, Turbo488™., 
Turbo488 also conserves valuable computer bus bandwidth 
by packing 8-bit IEEE-488 data bytes into 16-bit words. 


Hardware Speed — By moving time consuming 
software functions into hardware, the Turbo488 
significantly reduces the overhead of a software driver too. 
The combination of the AT-GPIB and our streamlined 
NI-488 driver gives you the power needed for today's high- 
speed digitizers. 
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HP-Style Commands, too — 
NI-488 also gives you the option 

of using our Universal Language 
Interface driver to program with 
Hewlett-Packard-style commands 
from any DOS language. The speed 
of this driver is best suited for interpretive 
languages like BASIC. 


A Sound Investment — You can still run your existing 

NI-488 programs yet automatically take full advantage of 

the Turbo488. If you're just getting started, our interactive 
instrument control and menu-driven configuration utilities 
will get you up and running in no time. 


Benchmark Performance 


Industry Standard NI-488 Software — 
NI-488 has high-level routines that 
transparently handle IEEE-488 protocol and 
buffered DMA transfers. These routines can 
be used with any popular language and are 
the perfect match for the structured, 
hierarchical style preferred by users of 
high-speed, compiled languages such as C 
and Pascal. 
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(tests per minute) 


Support — Your relationship with National 
Instruments does not end when you purchase 
our products. A staff of applications engineers 
is always a free phone call away. Demand the 
best IEEE-488 controller available...give us a 
call today at (800) IEEE-488. 


Ask for a FREE Catalog 


Turbo488 technology is standard on our boards for Micro Channel and Macintosh computers 


Qinstaumenrs: 


The Software is the Instrument ™ 


6504 Bridge Point Parkway 
Austin, Texas 78730 

(512) 794-0100 

(800) IEEE-488 
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See us at Electro booth #1515 
Circle No. 101 


We put ourselves in your shoes. That's why 


we have 33 different function generators. 


One of them is bound to fit. 

Because for more than 
twenty-five years, Wavetek has 
been building function gener- 
ators for all shapes and sizes of 
needs. 

If you’re performance 
minded and want high frequency 
output, synthesized accuracy or 
GPIB programmability, we have 
your size ... up to 50 MHz for 
example. 


© Copyright 1989 Wavetek Corporation 


Others may want comfort 
and economy, and for them we 
have some of the easiest-to- 
operate, lowest-cost instru- 
ments available. After all, 
simple operation has been a 
Wavetek hallmark ever since we 
introduced the world's first solid 
state function generator. 

Some people look for the 
stylish touches, like amplitude, 
frequency or phase modulation, 
pulse outputs and variable 
phase. They’ll find them here. 


Circle 104 for Literature 


Circle 105 for Demonstration 


And for the truly indepen- 
dent thinkers, we have arbitrary 
generators that let you design 
your own waveforms. 

So does this mean you 
should always look to Wavetek 
whenever you need a function 
generator? As they say, if the 
shoe fits... 

For the Wavetek Function 
Generator that fits, 
call (619) 279-2200, or 
fax (619) 565-9558. 


WAVETEK 


Power density breakthrough 
for battery-operated systems. 


Siliconix’ rugged 
TO-220 SiMOS 2.5 
with 36% less 
@ oson for more 
© efficient power tool 
& laptop computer 
designs. 


The SiMOS 2.5 power MOSFET has an 
Rpsvon) Of only 18mQ, the industry’s lowest in 
a TO-220 package. The result— reduced voltage 
drop that allows you to create variable-speed 


power tools featuring more torque and higher speed. ” 
And in laptop computers this means cooler running power 
supplies and more efficient load management switching. 
Now you can use smaller heat sinks to reduce your system's 
size, weight, and cost. And the low gate charge results in fewer 
components in your drive circuit. 


SIMOS 2.5 for 
lower voltage drop. 
PERRIS —— The low-Rpson) 
SCHOTTKY DIODE 0.35V SMP60N06-18 packs 
—— oe’ — 60 Vand 60 A 
INDUSTRY STANDARD ) @ into a compact 
ER MOSFET (28mQ) Jost s TO-220 


SIMOS 2.5 
SMP60N06-18 


Improve efficiency and shrink system size! Ask for our 
SiMOS 2.5 (SMP60N06-18) Design Kit. Call our toll-free hot 
line now! 1-800-554-5565, Ext. 9050. 


Bf Siliconix 


incorporated 


2201 Laurelwood Road, Santa Clara, CA 95054 © 1990 Siliconix inc. 


4 EDN April 12, 1990 


Volume 35, Number 8 


Magazine 
Edition 


® April 12, 1990 


ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 


On the cover: Advanced modem chip 
sets comply with the latest standards to 
make your communications quality 
soar. See the Special Report on pg 94. 
(Photo courtesy Rockwell International, 
art direction by Mike Lantow; 
photography by Richard Wahlstrom) 
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COMMUNICATIONS SPECIAL ISSUE 


SPECIAL REPORT 
Modem chip sets 94 


Modem chip sets now offer error-correction schemes and data- 
compression algorithms. They also use DSP to implement advances 
in modulation and coding techniques. These advances promise to 
make data- and fax-modem communications over the dial-up tele- 
phone network faster and more reliable than ever before. 
—Maury Wright, Regional Editor 


EDN’s All-Star PC Project—Part 3 117 
Nothing in computer design depends 


more on fuzzy factors, such as touch, feel, Vy 
or shade, than the PC’s human interface. WN V1 : 
Yet no ingredients affect the PC’s utility Technology Into The 
more. A few standards exist for defining ei 

such human-interface factors as keyboard angle, key layout, and 
screen contrast, but these standards establish an ideal environment 
for that mythical person: the Typical User.—Steven H Leibson, 


Senior Regional Editor 


DESIGN FEATURES 


Specific optimizations adapt 131 
C to single-chip pPs—Part 2 


The first part of this 2-part series contrasted how conventional 
C programs should work and how well single-chip Ps suit C. 
This part covers C extensions and optimizations tailored for specific 
single-chip Ps and includes detailed programming tips for writing 
tight C programs.—Charles H Small, Senor Editor 


Routing out signals 151 
troubleshoots LCA designs 


Although you can use ASIC design-verification techniques, such 
as software simulation, with Xilinx LCA field-programmable gate 
arrays, these devices will also yield to traditional in-circuit 


methods.—John Rostykus, Data I/O Corp 
Continued on page / 
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Insist on Interpoint. 


Your dc-dc converter is going to power a system that can’t fail. But 
it has to fit in a space the size of a postage stamp. Where can you find 
that level of power density and reliability? At Interpoint. 


Interpoint specializes in putting big performance into small packages. 
We build our dc-dc converters by mounting components directly on a 
ceramic substrate and hermetically sealing them in steel. We give 
them high, constant frequency switching rates for small size, high 
power density and low noise. Then we screen them to the most 
rigorous military standards. The result? Converters that are virtually 
immune to thermal shock, vibration and moisture. 


New! The MHF dc-dc converters give 12 watts power, 30 watts/in3 
power density, 16 to 40 Vdc input, 84% efficiency, 600 kHz constant 
frequency switching, single or dual outputs at 5, +12, +15 Vdc, 
0.325 in. high, 1.5 million hrs MTBF (AIT, 45°C), full power over -55 


to +125°C temperature range. 
CIRCLE NO. 28 
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When size and reliability are critical, designers depend on Interpoint. 
It's been that way for twenty years. That's why we provide board- 
mounted power for virtually every airliner in the West, advanced fighter 
aircraft and ground vehicles, the space shuttle, and a host of other 
military, aerospace and industrial applications. 


Each of our new converters raises the standards for performance and 
reliability. So if your system has a little room for improvement, call 
Interpoint. 1-800-822-8782, ext.229. |n Europe, call 
44-276-26832. 


=] & 
interpoint 
MIL-STD-1772 QUALIFIED 


10301 Willows Road PO.Box 97005 
Redmond, WA 98073-9705 
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Create accurate analog models 167 
for better simulations 


Continued from page 5 April 12, 1990 


Even the best simulator provides bad results if you use poor 
models. Although most commercial analog simulators come with 
libraries of device models, these libraries often lack the complex 
models you need. As a result, you may have to build your own 
models.—Enic S Filseth, Jeff Berurck, and Harold Mann, 

Valid Logic Systems 


Inexpensive 16-bit debugging tools 
satisfy many application needs without 


TECHNOLOGY UPDATES 


busting your budget, albeit with less 
power than the more expensive tools MCA and EISA square off 61 
(pg 77). The proponents of the latest small-computer marketing conflict— 


those in favor of either the Micro Channel Architecture or the 
Extended Industry Standard Architecture—have taken hostages 
from the community of plug-in-board manufacturers. However, 
many board developers have declared this battle of the buses to 
be a win/win situation: They’ve hedged their bets by designing 
products for both bus specifications.—J D Mosley, Regional Editor 


16-bit debugging tools 7h 
perform at low cost 


A favorite way for budget-conscious managers to control project 
costs is to disapprove the purchase of expensive (>$10,000) test 
equipment, such as processor-specific debugging tools. Lower-cost 
(<$6500) alternatives can satisfy many applications and may be 
the best choice for your tight budget—if you can live within their 
limitations.—Richard A Quinnell, Regional Editor 


EDN magazine 
now offers 
Express Request, 
a convenient way 
to retrieve product 
information by 


EDITORS’ CHOICE 
Comprehensive CAE and CAD package 86 


PRODUCT UPDATES 


phone See the DSP board for Mac II 89 
Feaadler a é " CAD power-analysis tool 90 
| IBM VGA graphics controller 92 


Card in the front 
for details on how 
to use this free 
SETVICe. 


Express| | fess 
Request 
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OrCAD Systems Corporation, the 
world’s largest marketer of PC- 
based CAE software, has completely 
upgraded it’s popular printed cir- 
cuit board layout software. 

Now you can have all the power 
features you need for your board 
designs on the PC you already own. 


Twice the capacity 

OrCAD/PCB II has over double the 
capacity using a flexible, user-defin- 
able memory allocation system. The 
product now supports over 270 14- 
pin IC equivalent designs, 6000+ 
pads, 16,000+ equivalent track seg- 
ments. 


Twice the options 

OrCAD/PCB II comes with over 50 
different printer drivers including 
most popular dot matrix and laser 
printers, over a dozen plotter driv- 
ers and over 50 display drivers. We 
conform to your system better than 
anyone. 


Twice the features 

¢ Improved autorouting strategies 
means a faster route with more 
completions. 

¢ Design Rule Check available as 
OrCAD/PCB II runs. Parameters 
are user configurable. 

e Via and Track Optimization. 
Minimize vias and improve rout- 


ing automatically. 
OR8944-Intl. 


Call today for your demo disk 
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e¢ On-Line module browsing and 
reading. Call up modules and 
browse through their graphic de- 
scriptions. 

e Gerber Viewer generates screen 
version of Gerber file to check out- 
put. 


Twice the value 

OrCAD’s commitment to you is that 
all of our powerful software will give 
you workstation performance with- 
out extra hardware, all handled 
within 640k RAM. 

And the price? The package comes 
complete with autorouter, printer 
and plotter support, excellent docu- 
mentation and more for a very rea- 
sonable price. 

The price also includes one year of 
technical support, free product up- 
dates and access to our 24 hour BBS. 


Curious? Try it yourself with our 
demo disk. 

Call for our demonstration disk and 
information packet. You'll see why 
more designers look to OrCAD for 
their design solutions. 


Systems Corporation 


3175 NW Aloclek Drive 
Hillsboro, Oregon 97124 
(503) 690-9881 
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[ If you would like more | 

information about this or any | 

other OrCAD product, | 
contact your local OrCAD 


representative. 
AUSTRIA ITALY 
Dahms BRM Italiana 
Elektronik TEL: 011/771.00.1 


0316/64030-0 
Fax: 64030-29 


BELGIUM 

INEX 

(02) 649.99.91 
Fax:(02)649.27.92 


| 

| 

| 

| 

| 

| 

| 
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| DENMARK/ 

| NORWAY 

| NordCAD 
98 17 32.99 

| Fax: 98 17 37 41 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 
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UK 

ARS Micro- 
systems 

(0276) 685005 
Fax:(0276) 61524 


FINLAND 
Elektrotel OY 
(358 0)754-3122 
Fax: 754-2593 


FRANCE 

ALS Design 

(331) 46 04.30.47 
hee 48 25.93.60 


0 
FAX: 011/771.01.98 


| 
| 
| 
| 
| 
| 
ITALY 
MicroData | 
Systems 
0187 /966123 | 
Fax:0187 /988322 | 
SPAIN | 
Next-For S.A. | 
| 
| 
| 
| 
| 


504 02 O01 
Fax: 504 00 69 


SWEDEN 
Technology 
Partners 

(468)790 97 75 

Fax: (468)16 77 86 | 


SWITZERLAND | 
Logmatic AG | 
056/83 38 38 

Fax: 056/83 38 40 | 


Compware, 
GmbH 
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The HP48SX. The most powerful calc 


The new HP 48SX is that far 
ahead of the times. It has over 
2100 built-in functions, includ- 
ing scores you've never seen ina 
calculator before. And probably 
wont see in any other calculator 
for years. 


But functions only tell part of 
the story. The HP 48SX stream- 
lines the entire sequence of 
problem-solving, from problem 
statement to final answer. Every 
step is linked. And everything 
you used to pull from reference 
books or work out on paper is 
now at your fingertips. 


In the optional HP Solve 
Equation Library application 
card, you'll find more than 300 
scientific and engineering equa- 
tions. Most important, they’re 
integrated and displayed, often 
graphically, in ways that make 
your work faster, easier and 
more accurate than ever before. 


Even unit management is now 
entirely automatic, as the cal- 
culator tracks and converts 
units in 16 categories, such as 
force, mass and energy. For even 


greater power and customization, 


you can download programs 
from your PC. Add plug-in cards 
and memory. 


Obviously an ad can only skim 
the surface. So we’ve created a 
PC demo disk and facts kit to 
give you an in-depth view. 


To receive them, send us the 
coupon. Or, for a hands-on 
demo, visit your local retailer. 
(Check the Yellow Pages for 
retail locations.) You'll get a 
powerful look into the future. 


There is a better way. 


Kip HEWLETT 


PACKARD 
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or to come along inthe next ten years. 


Fourier series of triangle wave form. 

The HP 48SxX lets you enter and read equations 
just as you would write them in a notebook. 
No more translating into computer language. 
It’s a first for a calculator. 


Same Fourier series, different form. 
Traditional function plots of equations dont 
always show you the data in the proper form. 
That’s why the HP 48SX provides a variety 
of plot types, including function, polar, scatter 
plots, truth and parametric. Without any 
programming. 


Capacitance of a cylindrical capacitor. 

No more tedious, mistake-prone unit conver- 
sions. The HP 48SX automatically converts 148 
different units in a totally paperless process. 
You can even add your own units. 


CIRCLE NO. 30 


Send for your free demo disk and facts kit. 


I have an: 
11 IBM or 
IBM compatible PC Company 


NAME TITLE 


CL] Apple Macintosh ADDRESS 


Simulated screens ©1990 Hewlett-Packard Company PG12002 


Computer 
a CITY STATE ZIP 
My disk size is: 
C13" TELEPHONE 
7 Mail to: Hewlett-Packard, HP 48SX Facts Kit, c/o Direct Mail Projects, RO. Box 10598, Portland, OR 97210-9879 
(115% Offer good while supplies last. EDN041290 


221G 


Bruxelles (02-2) 771 91 42 « Geneva (02) 2880025 * Hanover area (0511) 73 60 85 * Hong Kong (5) 8654525 » London area (0483) 740440 « Manchester area (0925) 828008 « Milano (02) 3533241 » Munchen (089) 
4] 14-0 * Osaka (06) 243-3250 « Paris (1) 49 75 10 10 « Seoul (02) 784-7598 « Singapore (65) 348 1188 * Stockholm (08) 733 03 50 » Stuttgart (0711) 62 33 77 » Taiwan (02) 7213393 » Tokyo (03) 345-8241 « Latin 
America, Fort Lauderdale, Florida/U.S.A. Tel: (305) 484-8600 Tlx: (510) 955-4261 amd ftl « World Network and SUPERNET are trademarks of Advanced Micro Devices, Inc. © 1989 Advanced Micro Devices, Inc. 
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With FDDI, it'll seem like your data gets 
there before it's sent. Because FDDI is ten times 
faster than Ethernet. 


And if you thought FDDI was just a dream, 


you can open your eyes. Now theres an FDDI 
chip set—just ask any of the companies bringing 
systems to market. 

The chip set is called SUPERNET™ and its 
a lot more than just a few sleek chips. Because 
AMD brings more knowledge and expertise to 
FDDI systems than any other component 
manufacturer. 

In fact, AMD founded the Advanced Net- 
working Group—a meeting of the minds of the 
most important mainframe, workstation, board, 


Fiber Or 


network, semiconductor and software companies. 
They're getting together to insure compliance and 
interoperability so FDDI will be a wise choice for 
your Customers. 

AMD was part of setting the standards 
long before the Advanced Networking Group. 
(We've been on the ANSI standard committee 
since its inception.) 

More good news. Because SUPERNET 
based = igo meet standards, they're interoper- 
able with FDDI systems from other vendors. 

phate been waiting to design an FDDI 
system, dont let another second slip away. Con- 
tact us to find out more about FDDI and the 
World Network™ 


Advanced Micro Devices <1 


For more information write “FDDI” on your letterhead and mail to: (In Europe) AMD Mail Operations, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS United Kingdom 
(In Asia) Advanced Micro Devices Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong, Attn: Andrew Ng. (In Japan) Advanced Micro Devices Japan Ltd., Shinjuku Kokusai Bldg., 
6-62 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 
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Quick, who was the 
ast “great communi- 
ator?” Ah, well, it 


/ 


ven he controlled the 


world of communications as well as 


you can now. 

And with a single chip, at that. 
Namely, Motorola's 68302 Integrated 
Multiprotocol Processor. 


CONTROL ALL FORMS 
OF COMMUNICATIONS. 
That's a big promise, but the 68302 
is more than up to it. With three high 
performance serial communications 
controllers, each with multiprotocol 
capabilities, the 68302 can run anything 
from ISDN, WANs and packet networks 
to bridges, concentrators, gateways, 
peripheral /O, modems and more. 
ISDN, by the way, leads that list for 
a very good reason. Because the 
68302’s multiprotocol capabilities are 


INTRODUC 


the first sensible way to migrate today’s 
proprietary and defacto protocols 
to emerging standards like ISDN. 


RUN ON A POWERFUL 
68000 PLATFORM. 

The 68302 operates on a 68000- 
based core and it's fully compatible with 
the wide world of existing 68000 soft- 
ware. And with our growing 68300 
family of microcontrollers. 

All that compatibility, obviously, 
can save you loads of development 
time and lots of money. 

In addition to the 68000-core proc- 
essor, the 68302 features a powerful, 
high-speed RISC-based communica- 
tions processor. 

This dual processor approach yields 
efficient communications processing. 
Not to mention the highest perform- 


ance communica- 
bilrsacad Na National 


tions controller on 
EDN April 12, 1990 


the market. 


NOW A WORD ABOUT 
THE ECONOMY. 


To save you even more money 
(and a bit of board space), the 68302 
is the most highly integrated com- 
munications controller around. In 
addition to its mighty processors, it 


68000 Bus 


comes with a system integration 
module that’s loaded with system glue 
logic (see diagram for details) you'd 
otherwise have to provide yourself. 


COMMUNICATE TOLL FREE. 


So whether youre designing for 
ISDN or any other form of communica- 
tion, you simply can't do 
any better than the 68302. 

For more information on 
the 68302, the third-party sup- 
port behind it, and our 68302 
| Application Development 
RISC Main ff Systems Evaluation Board, 
Controller 

call 1-800-441-2447 Or contact 
the Motorola Semiconductor 
sales office nearest you. 

It's sure to be the start of 
some great communication. 


(AA) MOTOROLA 
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© 1989 Motorola Inc. 
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A FEW WORDS O 
FAST SRAMs FRO 


— - 
gst LTA GTA LTO 


Performance. Speed. 
Manufacturing expertise. 
An unstopping drive for 
technological advance. 

These are some of the 
words for the things that 
have made Samsung the 
leader in FIFOs, and the 
maker of the fastest FIFOs 
available anywhere. 


on 
y = 


SAMSUNG'S HIGH-DENSITY 


FAST SRAMs IN CMOS. 


Capacity Part Number 


64K 


KM6165 
KM6165L 
KM6465 
KM6465L 
KM6865 
KM6865L 
KM61257 
KM61257L 
KM64257 
KM64257L 
KM68257P 
KM68257LP 


Org. 


64K x | 
64K 
16K x4 
16K x4 
8K x8 
8K x8 
256K x | 
256K x | 
64K x4 
64K x4 
32K x8 
52K x8 


Now in development 


Speed 


25/35/45ns 
25/35/45ns 
25/35/45ns 
25/35/45ns 
35/45/55ns 
35/45/55ns 
25/35/45ns 
25/35/45ns 
25/35/45ns 
25/35/45ns 
35/45/55ns 
35/45/55ns 


Package 


SDIP/SOJ 
SDIP/SOJ 
SDIP 
SDIP 
SDIP 
SDIP 
SDIP/SOJ 
SDIP/SOJ 
SDIP/SOJ 
SDIP/SOJ 
DIP 

DIP 


PT cle 


: NN 


represent ad- 
vantages we bring to high- 
density fast SRAMs. Which 
we build using the same 
expertise with double-layer 
metal technology that drives 
our FIFO development. 
In the highly sought- 
after 256K density, our 
SRAMs are available in 


HY YOU SHOULD BUY 
HE LEADER IN FIFOs. 
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- speeds as high as 25 ns— : performance specialty : 669-5400, or 408-954-7000 

- speeds unsurpassed by any : memories. Our SRAMs : now. Or write to SRAM © 

: parts in volume produc-: prove it, and the benefits :- Marketing, Samsung 

: tion anywhere. - are yours to enjoy. - Semiconductor, 3725 
Our 64K parts are even : For data and availability : North First St., San Jose, 

: faster, with speeds available : information on high-den-: California 95134. 


: up to 20 ns. , sity SRAMs in the fastest : 
: Today, Samsung is not : speeds made, and why you : SAMSUNG 
} just a leader in FIFOs, but : should buy them from the : Semiconductor 


, in the whole spectrum of ; leader in FIFOs, call 1-800- » © Samsung Semiconductor, Inc., 1989. 


LVE6BW.LILL 9D P2P498d-79°[M9H O66T © 
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It worked without a snag. 


This is a story about the one 
that got away. And then came 
back as reliably as ever. 


In 1987, bandits stole four HP 
signal generators from a truck 
in Spokane, Washington. Luckily, 
police managed to recover three 
of them. But the last one disap- 
peared without a trace. 


Six months later, a man fishing 
the Columbia River hauled in 

a heavy metal box. Well, within 
a few days, we had the missing 
signal generator back. There was 
mud in every nook and cranny. 


But rather than clean this catch, 
one of our Service Engineers 
decided to plug it in. To his sur- 
prise, the instrument emitted 

a signal. Even more remarkable, 
it met specifications. 


Stories like this underscore why 
HP rates highest for reliability 
among engineering managers. 
Were still not satisfied. In fact, 
in 1979 we started a Total Quality 
Control program to increase qual- 
ity ten-fold in 10 years. We'll 
reach that goal this year. 


It just goes to show you that 
when design and manufacturing 
productivity are at stake, there 
is no reliable substitute for HP. 
And that sometimes the best 
fish stories are actually true. 


There is a better way. 


(AD eackanc 
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Weve put CMOS 


If youre looking for the right LED 
display solution, take a look at HP 
We’ve got a full line of low-power, 
easy-to-use alphanumeric CMOS 
displays. 


All featuring an integrated on-board 
CMOS IC. And all designed to pro- 
vide you with a better way to meet 
your display requirements. 


Take our eight-character 5 x 7 smart 
alphanumeric display, for example. 
Its the industry’s only customizable 
display. With up to 16 user-defin- 


20 


on. display 


ee 


able characters and the capability 
to generate foreign characters, 
special symbols and logos. 


Or choose from four-character 5 x 7 


CMOS displays in all four LED colors. 


Smart 16-segment displays with 
built-in RAM, ASCII decoder and 
LED drive circuitry. Which also 
come in a drop-in 5 x 7 dot-matrix 
upgrade. 


And single-character red hexadeci- 
mal displays with a 4 x 7 dot-matrix 
display. 
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Best ofall, they’re from HP. So you’re 
always assured of HP’s commit- 
ment to excellence in service, sup- 
port and reliability. 


For a free brochure describing our 
full line of CMOS display solutions, 
call 1-800-752-0900 ext. 233H. 
And see how easy it is to shine. 


There is a better way. 


7) 


HEWLETT 
PACKARD 


CG08902 
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NEWS BREAKS 


bandwidth of 150 MHz. The $45 (1000) array features 2400 2-input NOR gates and 
98 signal I/O pins, roughly six times that available with the PAL16R8-7 7.5-nsec 
PLD. The array requires 1.5W typ and 8.8W max, which is less than half the power 
required by six PAL16R8-7s. The device’s 1352-pin quad flatpack has a built-in heat 
sink and requires 2 in.* of board space. The company will automatically convert 
your PLD source files using Snopsys logic-synthesis design tools, or you can use 
traditional gate-array design methods.—Anne Watson Swager 


CHIP SET FILLS DATA AND FAX MODEM NEEDS 

The XR-2900 &-chip set from Exar Corp (San Jose, CA, (408) 454-6400) can perform 
V.28 bis 2400-bps full-duplex data communications and V.29 9600-bps half-duplex 
fax communications. The chip set includes the XR-2901 DSP pP and the XR-2902 
combination digital and analog front-end chip. The chip set implements analog and 
remote- and local-digital test facilities. Other features include a DTMF generator, 
an automatic adaptive equalizer, a guard-tone generator, and a call-progress monitor 
mode. The chip set costs $27.33 (10,000).—Maury Wright 


DSP SYSTEM ACCELERATES TO 33M FLOPS 

The TMS320C50-based DSP board from Loughborough Sound Images (Lough- 
borough, UK, (0509) 252843) includes memory and I/O expansion and has software 
support. The TMS520C30’s clock speed is 33 MHz, which, under ideal conditions, can 
perform 35M flops. The board plugs into an IBM PC/AT or compatible computer. The 
board adds 1M byte of static RAM (SRAM), twin 8.3M-bps serial links, and two 16-bit 
A/D channels. The A/D channels’ sample rate is 200k samples/sec. The standard 
5e-bit-wide memory consists of 128k words of 25-nsec, zero-wait-state SRAM. Of this 
memory, 64k words are dual-ported memory. A memory-expansion port connects to 
additional 4M-word memory boards. A 16-bit, OM-sample/sec, bidirectional parallel 
interface accesses adjacent plug-in boards or your custom I/O. As well as an assem- 
bler, a linker, and a C compiler, the software support pack provides a C-interface 
library. The PCS/S20C30SP DSP board and software costs £3995; the PCM/320C30 
4M-byte memory board costs £1495.—Brian Kerridge 


VOICE-ACTIVATED TYPEWRITER HAS 30,000-WORD VOCABULARY 

The DragonDictate voice-activated typewriter recognizes 25,000 commonly used 
words and an additional 5000 user-defined words, which can include proper names, 
company names, and technical terms. The system consists of an 8-bit ISA bus card, 
a noise-canceling headset microphone, and voice-recognition software. The software 
can recognize speaker-independent words or utterances of less than 5-sec duration 
that are separated by 0.25-sec pauses. The system then prints each recognized word 
or utterance on the display. 


If the system is unsure of a word, it displays a window highlighting the most 
likely candidate along with a listing of other possible candidates. If the most likely 
candidate is the correct word, the user continues dictating. If the correct word is 
in the list, the user selects the word by dictating the appropriate word number, 
such as ‘‘Choose 8.’ If the word isn’t on the list, the user can spell the word using 
the International Communication Alphabet—alpha for ‘‘a’’ and charlie for ‘“‘c.’’ The 
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Here in the lonely depths 

() US off America’s coast, sophisti- 
cated listening devic 

our defense forces : 

butterfly fish is not emy 

intruder. 

On board each device a 
PT) Cannon micro 1 ; 
connectors. o 

In fact, you i 
microminiature 
performing 1 in som 
nation’s most critical projects, 
under some of the world’s most 
ading conditions. 

re in 
747s and Minv 
for instance. An 
part of today’s advanced 
supercomputers. 

It takes the design exper- 
tise and innovative solutions 
that ITT Cannon offers 
i, to meet these types 
f challenges. And 


all enemy sub. 


From under the sea to over 
the rainbow, no one provides 

a wider breadth of connector 

~ products at competitive prices 
or more engineering know-how. 
Maybe that’s why we've been 
the leading force in micromini- 
ature technology for over 25 
years running. 


io 
Sgr 


So why fish around fo 
connector company when you 
can enjoy the depth and strength 
of the leader. [TT Cannon. 

For application assistance 
or to request our new brochure, 
call us at (714) 557-4700 today. 

Or write [TT Cannon, 

666 E. Dyer Rd., P.O. Box 929, 
Santa Ana, CA 92702-0929 
FAX: (714) 754-2142. 


TTT Cannon 


AN ITT EMC WORLDWIDE COMPANY 


Discover our strengths. 
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this sampling conv rerte 


) dune ‘ : ernel for Intel — Ss - 


— Thick Film. 
Chip Resistors 


urface Mount 


Asallead 


Wirewound, Metal Film 
Power Resistors 


Cermet Trimmers 


Chip Thermistors 


Dale® components can help you accelerate from zero to production in record time. _ 
And all it takes is just one phone call. We're ready to add efficiency to your project 
with thenation’s largest selection of fixed resistors. Plus trimmers, thermistors, inductors 
and oscillators to handle your circuit needs for adjusting, sensing and timing. Dale's _ 
wide choice of standard and special components gives you more freedom in matching 
function to form before a design is locked in. We specialize in fast response to design 
needs for non-standard configurations and circuitry with a choice of surface mount 
or through-hole packaging. You can utilize the most extensive testing laboratory — 
in the component industry to get any performance data you need. And, at Dale, _ 
you're certain of getting quality assurance and delivery systems that will matcl 
production schedule. Get rolling now with a call to your Dale Representative or on 
_of the factories listed below. 


Metal Film Resistors 


Wirewound Resistor Networks _ Trimmers 


Chip Resistors 
Resistors Thermistors =— (814) 362-5700 Oscillators 


(402) 563-6506 (915) 592-3253 (402) 371-0080 


Dale Makes Your Basics Better 


DALE ELECTRONICS, INC. 
see AVISHAY Company 
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2 KHz to 8 GHz from $ 107° 


With over 300 models, from 2-way to 48-way, 0° 90° and 180° a variety 
of pin and connector packages, 50 and 75 ohm, covering 2KHz to 
8000MHZ, Mini-Circuits offers the world’s largest selection of off-the- 
shelf power splitter/’combiners. So why compromise your systems 
design when you can select the power splitter;combiner that 


closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 


And we will handle your “special” needs, such as wider bana- 
wiath, higher isolation, intermixed connectors, etc. courteously 
with rapid turnaround time. | 

Of course, all units come with our one-year guarantee. 

For detailed specs and performance data, refer to the 
MicroWaves Product Directory, EEM or Mini-Circuits RF/IF 
Signal Processing Handbook, Vol. I. Or contact us for our 
free 68-page RF/IF Signal Processing Guide. 
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F1344 REV. ORIG. 


F134-2 REV. ORIG 


In 1979, Margaret Thatcher In 1980, Ronald Reagan In 1981, Sandra Day In 1982, Yuri Andropov In 1983 Lech Walesa of 
is voted in as Prime is elected President ofthe O'Connor is the lst woman _ is elected as the leader Poland wins the Nobel 
Minister of Great Britain... United 


States... on the Supreme Court... of the USSR. Peace Prize... 


: § F s 


and EDN is voted #1 in and EDN presides as #1in and EDN is first in and EDN leads as #1 in and EDN wins the #1 
readership. readership. readership. readership. prize in readership. 


All Around The World, They Come; And They Gc 
There Has Been Only One Leader Since 1978... ED 


Winning one study doesn't make Announcing 7 new EDN independen 
history. But winning 84% of 177 indepen- | -_ 
dent readership studies since 1978 makes EDN — | zo ——- 

° ; Cr) e€ctronics 
a first class world leader. That's more wins 'Sprague Semiconductor | #4 | 5 
than the rest of the electronics publications ace Thomson Semiconductor | a ° 
combined. Apex Technology 7 #1 5 
| Sipex Corporation | #1 A 

CUMULATIVE WINS _ Kyocera Northwest, Inc. _ #1 NOT INCL. 
% of Readership/Reader Preference Wins* 1978-1989 (to date) 
EDN..................... 
Electronic Design ........... 13% 2 : 
Electronic Products.......... 4% 177 studies/256 questions 
Electronic Engineering Times . . 2% —_— se 
Electronics ................ — 8% 
Electronic News ............ 8% 


“Independent studies are conducted across customer/prospects lists or TIDS lists, not across a magazine's or newspaper's own list, which results in obvious bias. ** Results based on the question 


984, Ronald Reagan In 1985, Mikhail Gorbachev In 1986, Corazon Aquino In 1987, Margaret Thatcher In 1988, George Bush is 
p-elected #1 ina is elected as the leader is chosen as the President wins a third term elected to highest office 
dslide... of the USSR... of the Philippines... as Prime Minister... in the United States... 


EDN is re-elected #1 and EDN is elected the and EDN is chosen as #1in and EDN wins another year and EDN holds the #1 spot 
readership landslide. leader in readership. readership. as the leader in readership. in readership. 


ut In The World Of Covering Electronics Technology, 
d EDN’s Leadership In Readership Reign Continues. 


~adership/reader preference study wins: And only a leader dares to offer $1000 
Electronic | Electronic EE | Electronic to anyone who can disprove its claim to reader- 
—— ——— — oe | ship. No other electronic engineering magazine 
NOT INCL. ° 
5 ri 2 [Nor iNct or newspaper in the US or throughout the 
4 3 ° norinc.. | — world has won more independent readership/ 
2 4 3 | 6 
5 2 4 [__NoTiNoL. reader preference studies than EDN. 
2 NOT INCL. 3 NOT INCL. eases 
3 2 4 | 5 Edition 
News 
Edition 


a a ii ins es] ki 
if you would like to see the complete record of EDN's readership = 
wins, contact your local sales representative. EDN will send you 

a six-foot long brochure that proves history repeats itself. i 
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hich of these publications do you read regularly (3 out of 4 issues)?” in each study. 


30 


*U.S. factory-based price only. UNIX is a registered trademark of AT&T in the U.S.A. and in other countries. U.S. factory-based price includes CPU, 4 Mbyte of memory, 15-inch monochrome 
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The new Apollo Series 
2500. Only $3990. 


Everyone on your team needs a 
workstation. But not everyone 
can have one. They simply cost 
too much. 


Hewlett-Packard has a 
better way. 


The extraordinary Apollo Series 
2500. As the industry's lowest- 
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priced workstation, it offers 
the same features as worksta- 
tions that cost thousands more. 
4 MIPS of UNIX® system per- 
formance. High-resolution 
graphics. And almost unlimited 
possibilities for standards- 
based networking. 


All for only $3990* 


Hewlett-Packard can offer 
inspired solutions for all your 
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team computing needs. To find 
out more, call 1-800-752-0900, 
Ext. 219U. 


There is a better way. 


CICollo 


A subsidiary of 


(I packano 
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“TECHNOLOGY ADVANCEMENTS. We're working 
with our customers to push the boundaries of 
tomorrow’s technologies. That includes innova- 
: tions i in Bipolar, CMOS and BiCMOS, as well as in 
our leading-edge surface mount technology. It 
also includes strategic partnerships to i 
technologies. like Sun Microsystems’ SPAR 
oan new Rae : 


W PRODUCTS. We’ re sistent to customer feed- 


IL ¢ USTOMER SUPPORT. Customers need 

ate answers. They can get them through 
ip: network of sales offices and design © 

5 countries around the world. From. 


local responsiveness in every ee 
continue pushing improvements in 

ei of support, from EDI for order place- 
ts to aes deliveries. 


NDING THE DIMENSIONS OF PERFORMANCE _ 
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Da k and responding to the need for products like _ 
high Gicabe pecs lower Sty ICs, and for appl 


in and sales to application support, our cus: 


JIM DYKES ON MAKING THE PREFERRED LIST. 


—AsIC markets advance into the 90s, benchmarks are shifting from speed and specs 

to new global criteria. Customers are narrowing their suppliers to a few key partners 

| who excel in six essential areas. Here’s how Signetics is responding to these six 
“dimensions of performance.” 


PRODUCT AND SERVICE QUALITY. Today, how a ser- 
vice team performs is as important as how a prod- 
uct performs. We’re addressing this critical issue 
with cycle time management to speed our deliv- 
ery and our response to special requests. We've 
established ship-to-stock and critical process 
change notice programs that our customers say 
are the best. And now, Signetics has adopted the 
Baldrige Award criteria as our standard. 


MANUFACTURING EXCELLENCE. In production 
there’s no room for compromise. We’re meeting 
demanding standards with proven facilities and 


experienced fabrication and assembly teams 

_ throughout the world. With cycle time manage- 
‘ment and advanced statistical process control 
methods, shipment after shipment of the prod- 
‘ucts we turn out are of world-class quality. — 


EMPLOYEE INVOLVEMENT. For a company to excel, 8 
it needs an attitude of excitement and pride. We’re 


- building an environment that encourages and 


rewards personal leadership. A change is taking _ : 


place. We’re empowering all employees in every 
area of ¢ our business with the freedom to act on 


their own initiative. 


As you SEE, times are changing. So is Philips 
Components-—Signetics. Call today for our capa- 


bilities brochure: 800-227-1817, ext. 710D. 
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National 
Semiconductor 


National's family of 
CMOS op amps rises to a new 
all-time low: 40 femtoamps. 


TAKING IT TO THE 
LIMITS WITH ULTRA-LOW 
INPUT BIAS CURRENT. 


National’s new quad/dual 
CMOS op. amps, the LMC660/662 
and the LPC660/662, feature an 
extremely low input bias current of 
40 fA typical. You can’t go much 
lower. 


FEATURING RAIL-TO-RAIL 
OUTPUT SWING. 


With a newly patented double 
feed-forward circuit architecture, 
National’s op amps provide an out- 
put swing that extends from one 
supply rail to the other. You can’t 
swing any more than that. 

Use the LMC660/662 and 
LPC660/662 to drive rail-to-rail input 
A/Ds, or take advantage of the LMC’s 
fully specified 600 O load capability 
to process audio in telecom and 
cellular radio applications. Other 
typical applications include: 

e Handheld meters 

¢ Medical instrumentation 

e Remote sensors 

e Electrometers 

e Spaceborne /Avionic 
subsystems 


10, 


wat 
= 


Input Bias Current (fA) 


25 


2 0 
Temperature (°C) 


INPUT BIAS CURRENT VS. TEMPERATURE: 
40fA AT 25°C 


NATIONAL 
REDEFINES SINGLE-SUPPLY 
OPERATION. 


In the past, a single-supply op 
amp was an amplifier whose input 
common-mode range included 
ground. But in today’s +5V systems, 
you need op amps that take advan- 
tage of every last volt that the supply 
provides, and whose outputs swing 
fully from rail-to-rail. National was 
the first to deliver rail-to-rail per- 
formance with the LMC660 and now 
has a complete 

family— all in 
CMOS. 


Bi-FET, Super-Blocks, and VIP are trademarks of National Semiconductor Corporation. 


© 1990 National Semiconductor Corporation 
on 
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POWER UP WITH LOW 
POWER AND MICROPOWER. 


If you’re looking for low 
power, there’s the LMC660/ 
662, which operate at 375 yA/ 
amplifier. Or if your application 
calls for 40 wA/amplifier, we offer 
the LPC660/662, micropower ver- 
sions of the popular LMC series. In 
either case, you get lower power dis- 
sipation and a longer lasting battery. 


LMC660/LPC660 VS. THE COMPETITION 


ae LMC660Al | LPCB6OAl | TLC274Al 
5 mV 


| mv 3mV } 38mVv | Smv | 


675 wA/amp 


ae Current | 375 A/amp | 40uA/amp 


GET THE LOWDOWN. 


For more information on our 
new CMOS op amps and growing 
family of high-performance ampli- 
fiers, including VIP™ Bi-FET™ Super- 
Blocks™ and precision, call or write 
us today: 1-800-624-9613, Ext. 66. 
In Canada: 1-800-548-4529, 
Ext. 66. National Semiconductor 
Corporation, RO. Box 7643, Mt. 
Prospect, IL 60056-7643. And 
find out how we can help take 
your designs to new heights. 


National 
Semiconductor 
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Help needed 
to rebuild library 


Please let me introduce myself: I 
am a senior engineer at the Insti- 
tute for Atomic Physics in 
Bucharest, Romania, and co-author 
of several books on optoelectronics 
and optical information. I am writ- 
ing this letter to call your attention 
to a tragic event that occurred in 
Bucharest during the democratic 
revolution of December 22, 1989: 
the University Central Library was 
completely destroyed by fire. 

I am asking for the support of 
your readers and other interested 
parties in helping to rebuild the li- 
brary, according to their abilities. 
The library needs donations of 
books, conference proceedings, stu- 
dent text books, journal collections, 
lecture notes, and other materials 
in the fields of mathematics, phys- 
ics, chemistry, engineering, medi- 
cine, and human and natural sci- 
ences. Their help will be gratefully 
acknowledged. 

Dan G Sporea 
Box 31-53 
Bucharest, Romania 


Address corrections 


Due, in part, to errors in Apple 
Computer’s Engineering/Scientific 
Solutions Winter 1989/1990 Guide, 
many of the addresses and phone 
numbers provided in the Special 
Report on Macintosh-based CAE 
(EDN, March 1, 1990, pg 138) were 
inaccurate. Below are the corrected 
addresses and phone numbers. 


Algorithmic Systems, 399 Pond St, 
Number C5, Braintree, MA 02184. 
(617) 849-0580. Circle No. 734 


Bobcat Systems Inc, Box 2596, 
West Chester, PA 19380. (215) 696- 
6286. Circle No. 735 


BrainPower Inc, 30497 Canwood 
St, Agoura Hills, CA 91301. (818) 
707-1712. Circle No. 736 
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Deutsch Research, 761 DeSoto Dr, 
Palo Alto, CA 94308. (415) 327- 
8677. Circle No. 737 


Doctor Design, 5415 Oberlin Dr, 
San Diego, CA 92121. (619) 457- 
4545. Circle No. 738 


Imagine That Inc, 7109 Via Car- 
mela, San Jose, CA 95139. (408) 
365-0305. FAX (408) 629-1251. 

Circle No. 739 


Intusoft, Box 6607, San Pedro, CA 
90734. (213) 833-0710. FAX (213) 
833-9658. Circle No. 740 


MicroSim, 20 Fairbanks, Irvine, 
CA 92718. (714) 770-3022. 
Circle No. 741 


San Juan Software Co, Box 27620, 
Seattle, WA 98125. (206) 367-4188. 
Circle No. 742 


Simucad, 3801 E Bayshore Rd, 
Palo Alto, CA 943038. (415) 966- 
8300. FAX (415) 962-9254. 

Circle No. 743 


Tanner Research Inc, 444 N Alte- 

dena Dr, Pasadena, CA 91107. (818) 

795-1696. FAX (818) 795-7937. 
Circle No. 744 


Vamp, 6753 Selma Ave, Holly- 
wood, CA 90028. (213) 466-5533. 
Circle No. 745 


Reader refers 
to voltage references 


In the Special Report on voltage 
references (EDN, January 18, 1990, 
pg 120), I thought the subject was 
covered very well. I have only one 
thing worth adding that might be 
helpful to a circuit designer using 
voltage references. 

Because references are noisy, 
quite often one wants to put a cap 
directly across the output dc level. 
This operation usually works except 
when the part is an active device 
with low output impedance. Oscilla- 
tions can result with disastrous ef- 
fects. An example is the emitter- 


follower oscillator. These oscilla- 
tions can be up in the FM band. 
Even a careful designer can miss 
it on the bench when looking for 
de circuit problems. One manufac- 
turer, National Semiconductor in 
fact, states its LM113 specification 
in Note 2: “...should not be oper- 
ated with shunt capacities between 
200 to 0.1 pF...as it may oscillate 
at some currents.” 

It would pay to check with the 
manufacturer before putting decou- 
plers directly on outputs of refer- 
ences. Decoupling input raw dec 
voltage close to the device is usually 
a good practice, because references 
are often active devices. We had a 
lovely 10-MHz oscillation on pro- 
duction boards where the decoupler 
was at the other end of a 10-in. pe- 
board trace from an 18V IC refer- 
ence. 

David M Weigand, PE 
West Chester, PA 


Industrial PC omissions 


EDN regrets the omission of the 
following vendors from the article, 
“Harsh conditions affect industrial 
PC design” (EDN, January 4, 1990, 
pg 45): Amdex Corp, 17B Corporate 
Place, 267 Boston Rd, North 
Billerica, MA 01862, Phone (508) 
663-2070, FAX (508) 663-5094; and 
Video Graphic Systems, 4163 St 
Clair Ave, Studio City, CA 91604, 
Phone (818) 509-5738, FAX (818) 
509-8866. 

Both of these companies manufac- 
ture industrial PCs that qualify for 
inclusion in the article’s table. 


Reader questions 
“empirical” approach 

I normally enjoy reading Jim Wil- 
liams’ articles because he has a real 
creative ability to develop innova- 
tive applications for his company’s 
products. The latest one, however, 
“Basic principles and ingenious cir- 
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cuits yield stout switchers” (EDN, 
January 18, 1990, pg 151), really 
caused me some concern. Jim states 
at the beginning of this article that 
switching regulators may be de- 
signed by following some basic prin- 
ciples, and then he says, “Because 
of the overwhelming level of diffi- 
culty associated with magnetic com- 
ponents ...an empirical approach is 
often the best way to select induc- 
tors.” 

Granting that most designers, 
myself included, may not be as fa- 
miliar with Ampere’s and Faraday’s 
laws as we are with Ohm’s law, 
magnetics is not that much of a 
black art. When I read Jim’s sug- 
gestion that you may select an ap- 
propriate inductor by feeling its 
weight and measuring its de resis- 
tance, I don’t know whether to 
laugh or cry. If Jim is putting us 
on, he is a very funny writer, but 
it’s a sad day for engineering if 


readers get the impression that this 

is an acceptable method for design- 

ing reliable switching regulators. 
Specifying an inductor is not a 

trivial task but neither is it “over- 

whelmingly difficult.” The equa- 

tions are simple and readily avail- 

able in probably hundreds of 

sources ranging from textbooks to 

manufacturer’s application guides. 

I’m sorry to criticize, but to ignore 

all this in an article about “basic 

principles” does a disservice to our 

profession. 

Robert A Mammano 

Vice President 

Advanced Technology 

Unitrode IC Corp 

Santa Ana, CA 


(The_author’s reply: I appreciate 


Robert Mammano’s taking the time 
to write. I hope my reply will clear 
up any confusion. 

I think it’s important to examine 


the complete content and precise 
wording of the article, so I refer you 
to reading the text surrounding the 
suggestions Robert refers to. (See 
the entire section under the sub- 
head, “The invasion of the drawer 
dwellers,” pg 152.) The particular 
sentences that sharpen the focus of 
the context read: “An alternate in- 
ductor-selection method exists— 
one favored by those who have no 
enductor kit, time, or adequate in- 
struments. You can use this alter- 
nate method when faced with an 
ummediate deadline and a drawer 
full of inductors of unknown or 
questionable lineage.” “Although 
this method’s theoretical underpin- 
ning 1s perhaps questionable, its 
seemingly limitless popularity com- 
pels coverage.” “Inductors passing 
both stages of the test have an ex- 
cellent chance (75%—based on a 
sample of randomly selected induc- 
tors) of performing adequately in 


= 


Achieve reliable power transistor cooling at 
minimum cost using standard EG&G 
Wakefield Engineering heat sinks. Choose 
from our wide selection of standard designs 
for plastic- and metal-cased power devices. 


Labor-Saving Heat Sinks for TO-220s 


Our 667 Series heat sinks offer excellent 
thermal performance, a3) minimum 
board space, and are available in four 
heights for TO-220 packages. The 667 
Series accepts the EG&G Wakefield Speed 
Clip for fast, secure assembly, with ex- 
cellent pressure loading. Stand-off pins are 
available for improved circuit board solder 
cleaning. Our 637 and 647 Series offer wave 
poder bie mounting pins. 


Heat Sinks for TO-218s and 247s 


Select EG&G Wakefield 657 Series heat 
sinks for JEDEC-standard TO-218 and 
TO-247 power transistor cases. 


Delta Pads and Kapton* Reinforced 
Insulators 


Choose 173 and 174 Series Delta Pads™ for 
an efficient, cost-effective thermal path, 
with minimum assembly time. EG&G 
Wakefield 175 Series thermally conductive 
Kapton reinforced pads provide a high- 
dielectric, physically tough interface pad, 
available in a variety of styles. Our 126 
silicone-free thermal compound provides 
excellent thermal performance without 
silicone contamination. 

* DuPont Registered Trademark 


ros 


2, EGzG WAKEFIELD ENGINEERING 
60 AUDUBON ROAD, WAKEFIELD, MA 01880 
TEL: (617) 245-5900 * TWX: 710-348-6713 © FAX: (617) 246-0874 
See us at Electro 90 Booth #2107 | 
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Call our Application Engineering Depart- 
ment today at (617) 245-5900 for cost- 
effective power transistor heat sinks and 
thermally conductive interface materials. 
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From concept to production, Meta-Sofiware 
provides the total design solution. Engineers 
worldwide rely on HSPICE to meet ail their 
circuit simulation needs! 


HSPICE—World’s premiere circuit 
simulator for integrated and discrete circuit 
design. HSPICE includes circuit and device 
multi-target optimizer. 


HSPLOT—High-resolution interactive 
graphics post-processor. Terminal and 
hardcopy support for wide range of 
display devices. 


ATEM—Lab test-equipment interface 
creates measured data files and initial 
guesses for optimization features of HSPICE. 
ATEM automates process characterization 
and creates final models. 


DDL 2000 and DDL 1000—Discrete 
device models, from power FETs fo op amp 
macros. The PCB solution. 


eeneeruebenrWenacebugeamereobcrceuWerebastennyas 
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THE STANDARD FOR CIRCUIT SIMULATION 


MetaTestChip™— Custom testchip 
tailored to client's design rules. Provides 
all structures necessary for complete, 
automated process and device 
characterization. 


Ports—HSPICE runs on al/ major computers 
and workstations, including the SUN 
SPARCstation 4. 


SPARCstation 1is a Registered Trademark of Sun Microsystems, Inc. 


Recognized as the Industry Leader 
since 1976! 


1300 White Oaks Road = Campbell, CA 95008 
Phone (408) 371-5100 = Toll Free (800) 346-5953 
FAX (408) 371-5638 = Telex 910-350-4928 
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a prototype circuit.” 


I think my suggestions in their 


original and complete form restore 
balance to their presentation. In 
particular, the majority of switch- 
ing-regulator users have little expe- 
rience in the area. More signifi- 
cantly, many do not desire to de- 
velop a substantial expertise. This 


observation doesn’t make them poor 


or irresponsible engineers, but sim- 
ply reflects their priorities. What 
they do want are concepts directly 
applicable to construction of work- 
ing circuits with readily available 
parts. 

The area of switching regulators 
is the most difficult application 
area I have worked in. To a large 
extent, the difficulty lies in the sub- 
ject matter. Switchers are hard. Be- 


cause of this, high levels of user 


trepidation are common. If the goal 
is to get designers to utilize switch- 
ing technology, one way to begin is 


to make them feel comfortable about 
it. The section Robert questions was 
written with tongue-in-cheek, but 
not too firmly planted there! Fully 
90% of switcher-customer inquiries 
I handle involve magnetic-selection 
difficulties. These engineers are 
often anxious to prototype a feasible 
solution to their problems. I want 
to ensure that their initial efforts 
are encouraging, not disheartening. 
It’s much easier to work with and 
get enthusiastic about a functional 
circuit than one that doesn’t work. 
When writing technical material, 
I try to appeal to a broad section 
of the engineering population. The 
interest level and expertise spec- 
trum of the audience varies consid- 
erably. A cardinal error is to as- 
sume that the most interested people 
possess a high degree of familiarity 
with the subject matter. This as- 
sumption is simply not true. As 
such, it is my responsibility as a 


writer to try to communicate with 
both aficionados and newcomers. I 
can't say I’m always successful at 
doing this, but it’s the goal. 

I’m sorry Robert Mammano 
didn't find this balance in my pres- 
entation, and I welcome his sugges- 
tion on how to achieve it.) 


Company name omitted 
The following company name and 
address was inadvertently omitted 
in the article on thermal-analysis 
software (EDN, February 1, 1990, 
pg 47): W F Chew Enterprises, 717 
W 14th St, Long Beach, CA 90813. 
(213) 4382-2704. 
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EG&G Waketield Engineering DELTEM'™ 


(Patent pending) plastic heat sinks offer low-cost 
solutions for excessive junction temperatures in 
microprocessors, ASICs, and cache memory 
devices. DELTEM'™ heat sinks for PQFPs and 
PLCCs are manufactured from a thermally 
enhanced polymer specially compounded by 
EG&G Waketicld Engineering to solve unique 
heat dissipation problems of plastic IC packages. 


Reduced TCE Mismatch 

Improved material compatibility to reduce case- 
to-sink Thermal Coetficient of Expansion (TCE) 
mismatch. Our new DELTEM™' material aligns 
the expansion characteristics of the IC package 
and heat sink to virtually climinate excessive 
bond line stress. 


SINKS for PQFPs and PLCC 


Near-Equal Thermal 
Performance 

At low airtlows (O-200LEFM) typical of micro- 
processor and logic applications, DELTEM"™ 
heat sinks provide near-cqual thermal pertor- 
mance when tested versus aluminum heat sinks 
of simnlar size 


Less Mass, Lower Weight, 

Low Cost 

Less mass and 40% lower weight reduce the risk 
of stress-induced solder joint tatigue for gullwing 
packages. Low unit cost for our DELTEM' heat 
sinks provides improved thermal performance 
lor cost-effective PQFP and PLCC packages. 
Call our Application Engineering Department 
today at 617/245-5900 for DELTEM '“' plastic 
heat sinks for PQFPs and PLCCs. 
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For superior battery per- 
formance, reliable enough 
to risk your reputation on, 
specify Rayovac. 

For quality in the long run, 
consider our 844 Computer 
Clock Battery. Its unique 
architecture delivers econom- 
ical long life and safe, reliable 
operation. 


The power of innovation. 
Newark Electronics Sager 
Locations Worldwide 1 617 749-6700 


fo) 4QR20 Ravnvac Caornoration 


| 
i 
| 
i 
| 
| 


Our Lifex Lithium Coin Cells 


offer ashelflifetentimeslonger cell technology allows them 


than conventional crimp seal 
batteries. With greater capaci- 
ty retention and superior per- 
formance. They’re available in 
a variety of tab and pin configu- 
rations. 

For reliability in harsh en- 
vironments, consider our Lifex 


Hammond/EMSCO Cypress Electronics 
1 407 849-6060 1 408 980-2500 


FB 2325 H2 


MADE IN usa Ad 


_FB batteries. Encapsulated 


to withstand humidity, ther- 


~mal shock and temperatures 


--from-40°C to +100°C. 
~. Toset your ideasinto —- 
motion, call your-distributor. 

~ And tap into the power of © 
innovation at Rayovac. 


1 800 538-5112 outside CA 
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Marsh Electronics 
1 414 475-6000 
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Now, within just 7 working days, AUGAT 
will ship you a backplane or card cage in 
any size you need, from 3 through 21 slots. 
This isn’t simply a promise — it's AUGAT's 
GUARANTEE®*.. 

Or you pay 20% less! 

Our no-nonsense 7-Day VME Program 
includes both J1 and J2 backplanes. Iteven 
includes our new high-performance mono- 
lithic backplanes, too. Only AUGAT has the 
production capability to guarantee /-day 
shipment on such a broad selection of 
backplanes. Now you can plan on the 
arrival of your VME packaging hardware 
with no fear of delaying your critical devel- 
opment schedule. 

In addition, AUGAT has greatly ex- 
panded its entire VME line to include more 


iti 


standard products ... including new VME 
power chassis complete with backplane, 
fully harnessed power supply, cooling, card 
cage and optional enclosure. AUGAT also 
has the engineering talent and experience 
to handle your customized VME packaging 
needs. 

Send for acopy of our new VME catalog 
today ... because when time is of the essence 
in locating quality VME products with full 
engineering support, your surest source is 
AUGAT! 


* AUGAT GUARANTEES to ship backplanes and/or 
card cage kits in any size (from 3 through 21 
slots) in 7 working days from date of approved 


credit — or you pay 20% less! (limit: 3 pieces per 
part number) 


For answers or orders 


-800-999-9V ME 


® 
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AUGAT INC., INTERCONNECTION PRODUCTS GROUP 


+Wire-Wrap is a registered trademark of Gardner-Denver 


Visit us at Electro, Booth #5132 Bayside Expo Center 


PLUS 
An Expanded 
VME 
Product Line 


NEW 
Power Chassis 


More 
Power 
Supplies 


More 
Extender 
Boards 


More 
Wire-Wrap' 
Panels 


More 
Cage Dividers 


More 
Support Data 


These speech 
Synthesizers 
can be difficult 


to work with... 


Tired of working with speech 
synthesizers that squawk or 
screech or sound like tinny 
talking toys? Do your high- 
tech applications demand 
high-quality sound repro- 
duction? 


If so, you need to sound 
out Oki’s easy-to-use speech 
synthesizers. The superior 
quality of our chips quickly 
demonstrates that it’s one 
thing to imitate sound. It’s 
another to synthesize it. 


Our state-of-the-art syn- 
thesizers offer the high inte- 
gration and realistic sound 
you expect, with features like 
these: 


eon-chip low pass filter 
eon-chip 12-bit D/A converter 
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°4-bit ADPCM algorithm for 
better than FM signal-to- 
noise ratio 


And we have the range of 
products to meet your varied 
applications: Three masked 
ROM chips with 10- to 40- 
second message options. A 
ROMless development chip. 
A one-time programmable 
chip. A real-time pitch 
control chip. And a solid- 
state recorder. 


If you like the sound of our 
offerings, you’ll love the sound 
of our chips. Order a demo 


board from Oki today. And 
you'll design us in tomorrow. 


So. Calif. 
(Irvine) 
714/752-1843 


(Sherman Oaks) 
818/990-3394 


No. Calif. 
(San Jose) 
408/244-9666 


Boca Raton, FL 
407/394-6099 


Atlanta, GA 
(Norcross) 
404/448-7111 


Chicago, IL 
(Rolling 
Meadows) 
708/870-1400 


Boston, MA 
(Stoneham) 
617/279-0293 


Detroit, MI 
(Livonia) 
313/464-7200 


New York, NY 
(Poughkeepsie) 


914/473-8044 


Philadelphia, PA 
(Horsham) 
215/674-9511 


Dallas, TX 
(Richardson) 
214/690-6868 
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Call your Emulation 
Technology Distributor: 
Australia 
61-3-720-3977 
Belgium 
32-15-212223 


CALENDAR 


1990 Technical Symposium on Op- 
tical Engineering and Photonics 
in Aerospace  Sensing/Exhibit, 
Orlando, FL. SPIE, The Interna- 
tional Society for Optical Engineer- 
ing, Box 10, Bellingham, WA 
98227. (206) 676-3290. FAX (206) 
647-1445. April 16 to 20. 


C 


anada 
613-725-2177 

Denmark 

45-44-532-244 


En 


gland 
44-234-266455 


Fi 


nland 
358-0-334133 


France 
33-1-69412801 
G 


ermany 
49-89-4602071 

Hong Kong 

852-3-7173186 


Laser Technology Application in 
Manufacturing Update—1990, 
Sunnyvale, CA. Roger W Hirons, 
Center for Continuing Engineering 
Education, 929 N Sixth St, Milwau- 
kee, WI 53203. (414) 227-3100. 
April 17 to 18. 


India 
91-11-6418470 


Test Clips for PQFP Devices ™,....0... 


e This is the only way to test your PQFP devices while 2" 5 ogg 754 
they're soldered to a PC board! Korea 

e PQFP Clips™ piggyback onto a soldered-in PQFP — ,.°7,2 998449 
and convert the leads into standard .1” test points. 31-10-450-1444 

e Can also be used to convert a PQFP to any other IC™, 5a 
package type for easy emulation. Singapore 


e Quick turnaround on custom engineering services, ._°°-2817244 


if needed. For a free catalog, contact: Fede aie 
oe eaeaon 

Emulation Technology, Inc. Switzerland 
2344 Walsh Ave. Santa Clara, CA 95051 _ ae 
Phone: 408-982-0660 FAX: 408-982-0664 886-2-721-9533-4 
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VME Computer Expo/Seminar, 
Minneapolis, MN. James R Johnson 
and Associates, Computer Products 
Div, Box 41004, Plymouth, MN 
00441. (612) 478-9442. FAX (612) 
478-6186. April 17 to 18. 


DOD-STD 2167A/2168, San Diego, 
———| CA. David Maibor Associates Inc, 
Box 846, Needham Heights, MA 


“MATHCAD IS THE =~ (617) 449-6554. April 17 
BEST THING TO HAPPEN | 

TO THE ENGINEER Grounding and Shielding (short 

course), Washington, DC. Interfer- 

SINCE THE ence aot Technologies, Box D, 

55 Gainesville, VA 22065. (703) 347- 


— PC Magazine 


For problems involving engineering calculations or scientific analysis, SECSII for SMT Automation 


a (short course), Bethlehem, PA. Na- 
MathCAD is the only PC-based software package specifically designed to ie a ee ; 
give technical professionals the freedom to follow their own scientific intuition. tional Training Center for Micro 


You decide how to solve the problem — MathCAD does the ‘‘grunt work.”’ electr onics, Northampton Commu- 
» Ends tedious programming and debugging. nity College, 3835 Green Pond Rd, 
= Displays instant answers as you change variables. Bethlehem, PA 18015. (215) 861- 
= Generates quick plots to help you view results. 5450. FAX (215) 861-5060. April 19. 
MathCAD includes such built-in features as: 
« Matrix operations : aoe unit conversions Designing for Electromagnetic 
* Simultaneous equation solver « Greek character set eens . 
« Real and complex numbers « Fast Fourier Transform Compatibility (short course) 4 N ~— 
= Dynamic error flagging and much more MI. Hewlett-Packard Co, Signal 
To find out what MathCAD can do for you, call us today for a free demo Analysis Div, 1212 Valley House 
disk: 1-800-MathCAD (in MA; 617-577-1017). Or write to MathSoft, Inc. Dr, Rohnert Park, CA 94928. (313) 
One Kendall Square, Cambridge, Massachusetts 02139. 349-9200, ext 2448. April 19 to 20. 
Requires I|BM©® PC or compatible, 
ae M a t h 5 0 f [ Electronics Packaging Technol- 
> —rrr—e._=is‘C(‘(ésésC ogy (short course), East Bruns- 
Software Tools for Calculating Minds #13 wick, NJ. The Center for Profes- 
sional Advancement, Box 964, East 
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At Last, a Truly industrial 
PC AT System for the OEM 


Easy to mount Eurocard Three side mechanical bond into Introd ucINg the first PC AT system 
hardware with optional the card cage, yet easy to access originally designed to be embedded 
power supply. Can be rack for simplified maintenance. 


into your machinery or instrumentation. 


With the GESPAC AT system, 
‘‘ruggedized PC’’ no longer describes 
a desk top PC in a stronger black 


mounted or bolted into any 
embedded system. 


100% age : 
compatible box. Rather it is an architecture made 
fhe fae ; to last by design, with such features 
AT keyboard as small and robust board format, 
. Y e e e 
interface. and ultra-reliable pin-in-socket 
DIN connector. 
eanaiie What's more, the GESPAC System 
Intel 80286, is built for performance with Intel's 
hanna ae original 80286 processor and 80287 
performance. Arithmetic Unit — In fact this system Is 
the most compact implementation of 
the 286 in the market today. 
seu ed The powerful G-64 bus interface 
Clock/calendar, lets you customize your AT system 
Buehcorminene with any of the 200-plus system com- 
cation port ‘ 
and optional ponents available from GESPAC, to 
ene Arithmetic = ue match virtually any system requirement. 
nl ona very 4 4 BER eee se dle s & 
high density, | ee: : Take advantage of GESPAC’s 10 
neh alad years of experience in serving the 
: , OEM marketplace. Call today to 
ull 32-bit expansion bus : 
for auisy even: expuincian receive your free data sheet and our 
Canad ~~and customization with oe new 116 page catalog of board level 
single height up is eh sole — 96-pin DIN _— microsystem 
Eurocard - a . * 


pin-in-socket 
for a gas-tight 
connection 
guaranteed 
to last forever. 


board format products. 


(100 x 160 mm) 
that doesn’t 
flex or bend 
and withstands 
the toughest shock 


d vibrations. i 
ane wrens Unprecedented selection of inexpensive I/O 


functions, from the simplest parallel and serial 
|/O, to high performance networking, X.25, 
motor control and imaging. 


‘Call Toll Free 1-800-4-GESPAC 
or call (602) 962-5559. 


USA - CANADA FRANCE INTERNATIONAL 
50 West Hoover Ave. __Z.1. des Playes 3, Chemin des Aulx 
—— |e ‘Mesa, Arizona 85210 83500 La Seyne CH-1228 Geneva 
Tel. (602) 962-5559 Tel. 94 30 34 34 Tel. (022) 713 400 
Fax. (602) 962-5750 Fax.94063056 ~— Fax. (022) 713 834 
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ARoad UHF & 
Microwave Component Design 


Our “Atlas” is loaded with specs and engineering data describing 
Microwave UHF/VHF ICs and Tuner Modules. For information concern- 
ing Microwave Frequency Dividers (prescalers), PLL ICs, UHF/VHF 
front end ICs for communications, Video and FM Tuners, contact: AEG 
Corporation, 3140 Rte. 22, PO Box 3800, Somerville, NJ 08876-1269: 
(201) 231-8493; Fax: (201) 231-8353. 
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Creative Technologies 


CIRCLE NO. 5 


pos! / DNAT-300 i 


cas || 


aaten fo |. 


JYNAMIC MEMORY TIMER 


@ Triggered by a Single MREQ Pulse 
» Rising-edge Triggered 
- @ TTL interfaced 
@ 14 Pins DIP 
@ Generates All Timing Pulses for 
_ DRAM Memory Board 
@ Precise and Stable Timing 


Clifton, New Jersey 07013 
(201) 773-2299 @ FAX (201) 773-9672 


uy 
Gevicesy inc. 
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CALENDAR 


Brunswick, NJ 08816. (201) 613- 
4500. FAX (201) 238-9113. April 23 
tO 25, 


Solutions for High SMT Yields 
(short course), Bethlehem, PA. Na- 
tional Training Center for Micro- 
electronics, Northampton Commu- 
nity College, 3835 Green Pond Rd, 
Bethlehem, PA 18015. (215) 861- 
0450. FAX (215) 861-5060. April 23 
to 25. 


1992 and the EEC Directive on 
EMC (short course), Chicago, IL. 
Interference Control Technologies, 
Box D, Gainesville, VA 22065. (703) 
347-0030. April 24 to 26. 


Designing for Electromagnetic 
Compatibility (short course), 
Naperville, IL. Hewlett-Packard 
Co, Signal Analysis Div, 1212 Val- 
ley House Dr, Rohnert Park, CA 
94928. (312) 357-8800, ext 2253. 
April 26 to 27. 


EMC Design and EMI Mitigation 
(short course), East Brunswick, 
NJ. The Center for Professional 
Advancement, Box 964, East Brun- 
swick, NJ 08816. (201) 613-4500. 
FAX (201) 238-9113. April 30 to 
May 2. 


Integrated Circuit Manufacturing 
Technology (short course), San 
Francisco, CA. The Center for Pro- 
fessional Advancement, Box 964, 
East Brunswick, NJ 08816. (201) 
613-4500. FAX (201) 238-9113. 
April 30 to May 2. 


Commercially Available Single- 
Chip Digital Signal Processors, 
Cambridge, MA. DSP Associates, 
18 Peregrine Rd, Newton, MA 
02159. (617) 964-3817. FAX (617) 
969-6689. April 30 to May 3. 


Structured Development Forum 
XI, San Diego, CA. Computer Sci- 
ences Corp, 1321 Mercedes Dr, 
Hanover, MD 21076. (301) 859- 
0400. April 30 to May 3. 
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WE'VE REDUCED EVERYTHING 
BUT THE PERFORMANCE 


Avantek’s New 2 to 8 
GHz YIG Oscillators... 
as Low as $385.00* 


Reduce your next-generation 
system’s cost, size and weight 
at the same time. Avantek’s 
next-generation YIG oscillators 
cost less, are smaller (0.5 cu. 
in.) and lighter (1.8 oz.) than 
other YIG oscillators available 
today. Ideal for next-generation 
portable equipment and low 
cost instrumentation. Fast 
tuning and phase lockable, 
these miniature YIGs deliver 
unmatched performance and 
unparalleled prices. 


High Performance 
Oscillators... 
Designed for Low Cost 


Avantek’s revolutionary new 
approach to YIG oscillator 
design and manufacturing gives 
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you the competitive edge... 
can help create new product 
lines...and open up new 
market opportunities. These 
compact, low-cost YIG oscilla- 
tors offer real performance 
improvements. Typical tuning 
speed is an ultra-fast 10 ms 
(to within 5 MHz of final fre- 
quency). They operate with 


AV-7028 2.0 to 8.0 GHz 

Miniature YIG Oscillator 
Tuning Speed 

OS a 


N, | |/Setutna te, Ful Band Stop 
| NUT sie 2 aie Step 
| LeenT ates one Stor _| 
ama 101 ea 
CATE 


100 200 


Final Frequency Deviation, MHz 


ms mSec. 


single input bias voltage ...and, 
require no heater power. Two 
low-cost high-performance mini- 
ature YIG oscillators cover the 
2.0 to 8.0 GHz frequency range. 


AV-7036 covers the 3.0 to 6.0 
GHz range. AV-7028 provides 2.0 
to 8.0 GHz frequency coverage. 
For both models, phase noise 
is typically —100 dBc/Hz at 20 
kHz offset from carrier. And, 
power output is +13 dBm. 


Off-the-Shelf Delivery 
from Your Local 
Avantek Distributor... 


These low-cost, high-perfor- 
mance, compact YIG oscillators 
are available now. For the 
name and address of your local 
Avantek distributor or litera- 
ture and applications assis- 
tance, contact us today. 


*Price for each in 1,000 piece 
quantity. 
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Avantek Regional Offices 


North America 

Eastern: (301 ) 381-2600 
Central: (708) 358-8963 
Western: (805) 373-3870 
Europe: (44) 276-685753 
Asia: (01) (408) 943-5484 
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RF TRAN 


Over 50 off-the-shelf models... 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequenc 
range?...Mini-Circuits offers a solution. _ 

Choose impedance ratios from 1:1 to 36:1, | 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re- 
quirements’). Ultra-wideband response achieves low 


droop and fast risetime for pulse applications. Ratings > THT 
up to 1000M ohms insulation resistance and up to 1000V T, TH, TT siieKKal 


dielectric voltage. For wide dynamic range applications involving 
up to 100 mA DC primary current, use the T-H series. 
Coaxial connector models are offered with 50 and 75 ohm T.TH.1T 
impedance; BNC standard; request other types. baller se! 
Available for immediate delivery with one-year guarantee. 
Call or write for 68-page catalog or see our Catalog in 
EEM, or Microwaves Product Data Directory. 
*units are not QPL listed case styles 


T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 
TMO, case A 11, t case B 13 FT, FTB, case H 16 


NSN GUIDE 

MCL NO. NSN MCL NO. NSN 

FTB1-1-75 5950-01-132-8034 TMO2-1 5950-01 - 183-6414 
FTB1-6 5950-01 -225-8773 TMO2.5-6 5950-01-215-4038 


T1-1 5950-10-128-3745 TMO2.5-6T 5950-01-215-8697 
T1-1T 5950-01 - 153-0668 TMO3-1T 5950-01 -168-7512 
T2-1 5950-01 -106-1218 TMO4-1 5950-01 -067-1012 
A Division of Scientific Components Corporation T3-1T 5950-01 -153-0298 TMO4-2 5950-01 -091 -3553 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 T4-1 5950-01 -024-7626 TMO4-6 5950-01 - 132-8102 : 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 T9-1 5950-01 -105-8153 TMO5-1T 5950-01 -183-0779 
T16-1 5950-01 -094-7439 TMO9-1 5950-01 -141-0174 


TMO1-1 5950-01 -178-2612 TMO16-1 5950-01 -138-4593 


FORMERS 


KHz-800OMHz trom 


case style number 
see opposite page 


PRI SEC 


"on Fro sc 
3 ET xc 


PRI SEC 


a3 E sc 


TH 
TMO 


TT 


TTMO 


TO 
TH 


TMO 


TMO 


FT 


FTB 


T 


Q 
RATIO 
MODEL 
NO. 


Tit 
T1-6T 
T2-17 
T2.5-6T 
T3-1T 
T4-1 
T4-6T 
T5-1T 
T8-1T 
T13-1T 
T16-6T 
T4-1H 
TMO1-1T 
TMO2-1T 

+TMO2.5-6T 

+TMO3-1T 
TMO4-1 
TMO5-1T 
TMO13-1T 


TT1-6 
TT1.5-1 
TT2.5-6 
TT4-1 
TT4-1A 
TT25-1 
TTMO25-1 
TTMO1 -1 
TTMO4-1A 


T1-1 
T1.18-3 
T1-6 


MD W on 


on 


WO 


004-500 
075-500 
01-50 
05-200 
0.1-300 
02-30 
02-30 
.005-100 
0.1-300 


MO MOAWNM-- 
(ee) 


nn 


1 
1. 
1 
1 
1. 
2 
4 
9 
1 
3 
1 
1 
9 
1 
1 
1 
1, 
2. 
4 
6 
9 
1 


fo») 


050-600 
5-800 
.2-600 
15-250 
2-150 
050-600 
5-800 
.2-600 
15-250 
2-150 
005-100 
.1-400 


++ SOhWNM >ORWNY 


Mi > 


eFTB-1-75 


T-622 1 
T626 1 


0.1-200 
0.01-10 


® Denotes 75 ohm models 
* FOR A AND B CONFIGURATIONS 
Maximum Amplitude Unbalance 
0.1 dB over 1 dB frequency range 
0.5 dB over entire frequency range 
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FREQUENCY 
MHz 


004-500 
075-500 
01-50 
.2-50 
0.1-300 
02-30 
02-30 
005-100 


050-600 
5-800 
.2-600 
15-250 
.2-150 
050-600 
5-800 
.2-600 
15-250 
.2-150 
005-100 
1-400 


0.1-200 
0.01-10 


INSERTION LOSS 


2dB 
MHz 


Maximum Phase Unbalance 
1.0° over 1 dB frequency range 
5.0° over entire frequency range 


PRICE $ 


C72-2 REV. B 
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Speed 


(ns) | pip | zip | soy | PLCC | SoG | - Features Availability Qualified 
4 x4 option: OE Samp: 1H90, Prod: 2H90 
x4 option: OE Now 
x4 options: Separate |/0, OE ~ Now X 


386/486 Compatible, Fast toe 8ns, . 
Auto write completion, Parity bits Samp: Now, Prod: 1H90 
Now 


Samp: Now, Prod: 1H90 


Product Family Size (Total) (Bits) 
wes | one | oes [x || x | 
Ta56K | tate | 2088 | x | x | x 
16K 12:25 


Par 
wx | ate | 203s Zan 


Cache Data 
SRAMs 


el 


386 Compatible, Fast toe 8ns 
Intel 8051 and 8096 compatible 


SRAMs with 


Compatible with high end micro controllers Samp: Now, Prod: 1H90 


~< 
a 

So 

Oo 
A 
=| 


Mailbox register, x16/18, 16 to 18 . Samp: 2H90 
Samp: 2H90 
x1,x4 Samp: 1H90, Prod: 2H90; 


ean aan 
Family options: 
300 mil DIP package, Programmable flags, samp: 2H90 


x4 option: Write per bit 


ok Fae 
45K i 
DRAMs 60-100 
MEG ee 


x16: 1991 
1MEG bo | x16 options: Byte and/or masked write x1. x4: Now; x16: 1H90 
|| 


; 
— 
— 
oa 
> 
— 
on 
Oo 
~ 


Quad CAS DRAM imec | x4~—=«|:«so-100 | ~S | S| X | | |__| Separate CAS control for each DQ input/output |___ Samp: 1H90, Prod: 2H90 FP 
Pseudo Static Z Unmultiplexed addresses, 
VRAMs ura ae | ae Pxfxfx] fo [| CMOS, Fully static SAM, Block write, = 


Split read transfer 
x4 | too-tso | x Tx Txt | | 


Now 


Now 


CMOS, Fully static SAM, Serial input 


Module Word Size Org. Seed i (isi el Special 
Product Family* (Words) (Bits) (ns) (oe | ae | se | sme) Features 
Sean | 258 410 sey? tx? 7 [| 
— go-4s | x | | | 


DRAM 2MEG,1MEG, 

Modules 512K, 256K me ren _ ‘ = . + 

gz = Industry standard pin-out 
Pe ntustry standard pin-out 


| | x | Industry standard pin-out 


* Custom module and board-level product manufacturing services available. 


16K, 64K: Now; 256K: 2H90 


“2K, 64K: Now: 256K: 2H90 
Now 


256K, 512K: Now; 
1MEG, 2MEG Samp: 2H90 


256K. 1MEG: Now: 
4MEG Samp: 2H90 


256K, 1MEG: Now: 
4MEG Samp: 2H90 


Industry standard pin-out with OE 
Compatible with 1MEG monolithic 


. Industry standard pin-out 


Industry standard pin-out 


At Micron Technology, we offer a full line of That's why we offer a total commitment to 
leading-edge RAM components in speeds and service and support, and a team of engineers and 
packages for virtually any application. technical support personnel that are the most 

But the memory business is more than just experienced memory professionals in the industr 


‘ 


parts — it's people. Because in the memory business there’s 


only one point of view that counts. Yours. _ 


MICRON 


2805 E. Columbia Rd., Boise, ID 83706 (208) 386-3900 
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25ns 
2K x 8 Dual Port SRAM 9 


256K SPARC Cache RAM 


EDITORIAL 


Nix broadcast HDTV 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 
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Discussions of high-definition television (HDTV) revolve around two 
main technologies. First, there’s the high-resolution-display technology 
that you find in flat-panel and cathode-ray-tube (CRT) devices. Second, 
there’s the transmission technology that compresses and expands high- 
resolution video information. It’s this second technology that concerns 
me. Most people think HDTV signals must fit within existing 6-MHz 
broadcast-TV channels for HDTV to be a success. They’re wrong. 

The future of HDTV depends more on the widespread use of fiber- 
optic technology than it does on adopting signal-compression and 
-expansion algorithms and standards. For a new technology such as 
HDTV to take hold, it must offer a 10-fold increase in benefits over 
the technology it will replace. Broadcast HDTV holds no such promise 
because tomorrow there will be little to watch but high-resolution 
versions of today’s vacuous programs. 

Fiber-optic technology can expand the diversity of communications 
between a user and a source. And therein lie the keys to HDTV’s 
success—2-way communications and a large bandwidth for a variety 
of signals. The promise of HDTV is not in higher-resolution TV shows. 
It’s in the ability to communicate a great deal of detailed visual informa- 
tion that might be otherwise inaccessible. A fiber-optic communication 
network lets us access remote information services; broadcast HDTV 
offers nothing similar. 

Although the potential of fiber-optic communication is great, at to- 
day’s costs fiber optics won’t penetrate most homes. So what will spur 
the use of fiber optics for 2-way communication, TV, and HDTV? 
Many legislators and government officials think that a consortium of 
IC, display, and communications-technology suppliers is the best hope 
for spurring HDTV development, but they are wrong. The best way 
is to let the market take its own course. For example, Bell Communica- 
tions Research Inc recently started transmitting networks’ live TV 
programs through its fiber-optic network. We wish the test success. 

Pushing fiber-optic technology into our homes also requires a free- 
market push from the US government. The Federal Communications 
Commission must simply say that broadcast-TV channels may not be 
the best nor the highest use for the spectrum they now occupy. Today, 
TV channels occupy a 413-MHz portion of the RF spectrum. We could 
make better use of those sections of the spectrum by auctioning them 
off to fill highest-and-best-use communication needs. A network may 
opt to lease a channel or two, but market pressures will push more 
TV—and future HDTV—stations onto fiber-optic cable. 

You can take a nationalistic approach to fiber-optic-based HDTV, 
too. Often we hear that our Japanese counterparts are ahead in the 
race for commercial broadcast-HDTV products. Using fiber optics to 
distribute HDTV signals and to communicate with users favors the 
electronics industries in which the US leads—workstations, microproc- 
essors, software, and computers, among others. Instead of competing 
in a race that favors stop-gap broadcasting technologies, let’s get a 
head start in communications technology by “wiring up” with fiber- 
optic cables now. 


Jon Titus 
Editor 
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Now, 


One Name Gets You 


Thousands Of Choices 
In Components And 
aterials. 


_ Philips Components 
Discrete Products Division 


The products of Amperex, Mepco/Centralab, 
and Ferroxcube are now available from one 
source — Philips Components. 

The names have changed, but the industry 
leadership hasn't. 

We still offer superior product quality and 


performance. On time delivery. Professional ser- 


vice. And competitive prices. 
But now it’s all backed by one of the 


worlds largest electronic components manufac- 
turers, NV. Philips. With worldwide resources. 


Youll benefit from our leadership across all our 
product groups. And you'll move ahead 
because of our innovations in surface mount 
technology. 

In Passives: aluminum electrolytic, ceramic, 
film, variable, and tantalum capacitors. Resistor 
products include: fixed resistors, varistors, 
thermistors, sensors, and cermet trimmers. And 
were the only tantalum capacitor manufacturer 
to be certified a Class “A” MRP II user. 

In Discrete Semiconductors: vast 
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The TMS320C25 


@ The TMS320C25 takes more than 
three times as long to compute the 
same size FFT, while it devours over 
47k bytes of memory. 


The ADSP-2100 


@ The ADSP-2100 computes a 
1024-point complex FFT in less 
than 3 ms witha total memory 
requirement of less than 4k bytes. 
It also computes a 2 X 2 2D con- 


volution in 1.2 ws and executes 
ADPCM in only 68 ys. 


@ The ADSP-2100 can access two 
words of external data every cycle. 


@ The TMS320C25 is limited to one - 
access ofexternaldataeverytwo 
cycles. 


@ The ADSP-2100 supports zero- 
overhead loops of any length. So our 
looped code —whichis the easiest 
to write —is also the fastest. 


e The ADSP-2100’s two dedicated 
data address generators can auto- 
increment/decrement by any offset 
value, and they have automatic cir- 
cular buffer wraparound. 


@ The ADSP-2100 Assembler 


e The only zero-overhead loop the 
TMS320C25 can execute is one 

instructionrepeatednomorethan _— 
256 times. _ 


¢ Circular buffers? TheTMS320C25. 
doesn’t support them. 


e The TMS320C25 is programmed 
supports the easiest language in with 133 mnemonics like SPAC, 


the business. So you code a BGEZ,MACD,XORX,and SBRK. _ 
multiplication/accumulation : Amultiplication/accumulationis 
the same way you’d write the ia coded as MACD >FF03*—.Whil 
original algorithm. For example, this might not scare the XORX o 
the algebraic R=R+ X*Y codes of you, it’s not the easiest thing 


as MR= MR+ MX0*MYO0. debug or maintain. 


We're not saying the TMS320C25 is slow But even if it were twice as efficient as it is now, it'd still be a lot sloy 

_ DSP thanthe ADSP-2100. The fact is, the ADSP-2100 is out in front of the TMS320C25 in perforra Ince, readabil | 
_ code, and development tools. : : 

Just how far out front? Get our free technical booklet and read about it. Or better yet, get an ADSP- 2100: 
at {or otonly 349, Y5 and see for yourself. To request either, call DSP Marketing at 1-617-461-3771. | 


2 Atle wetitee Inc., One Technology Way, PO. Box 9106, Norwood, MA 02062-9106. Offices and applications support available worldwide. Austria: (222) 885504- 
ae — 845800 France: (1) 4666-25-25; Holland: (1620) 81500; Israel: (52) 911416; Italy: (2) 6140977, (2) 6143484, (2) 6143459; Japan: (3) 263-6826; Korea: @) bb4 01 
: Switzerland: (22) 731 57 60; United Kingdom: (932) 939999: West Germany: (89) 570050: US. and all others: (617) 329-4 


dean eee 


selections of . 
small signal prod- 

ucts, power devices, 
and optoelectronic products. “Sa 


In Professional Components: 
camera tubes, CCD image sensors, UHF 
Klystrons, and much more. 

In Materials: a broad range of ferrite cores 
for power supply and telecommunications 
equipment (pots, U E and I cores, and toroids). 
Plus beads, chokes and rods for EMI/RFI 


suppression. 

For all this and more, call 
or write to the broad range 
product source for solutions: Philips 
Components Discrete Products Division. 


Philips Components 1- 800-447-3 762 


Discrete Products Division 

A North American Philips Company Fax: 407-881-3300 
2001 W. Blue Heron Boulevard 

PO. Box 10330 

Riviera Beach, FL 33404 


More Products. More Solutions. 


PHILIPS 


< 
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° The ADSP -2101 builds on the 
ADSP-2100 architecture, so it’s. 


“upwardly code compatible. You 


can quickly port ADSP-2100 code 
- tothe ADSP-2101.Oruse our - 
“eo Compiler for a fast start. 


e The on-chip memory of the 


-ADSP-2101 integrates 64k bits of 


the fastest SRAM available today 
with an architecture designed for 


signal processing. This allows the 


processor to fetch two operands 
ane — next instruction on every 


processors are slow and inefficient. But the ADS. 


0 create their next generation products 


‘of source code,and development tools. 


e fact is, our 


cd 


& 


You Spend. 
Your Days -_. 


~ Inthe Microcosm 
of Your Career... 


° 


Spend |’. 


_ Your Nights 
In the Macrocosm 


of the 


Un1verse. 


* 


& . 
Meade 2045 Astrophoto: The Great Nebula in Orion. 


e 


Are you spending your days staring into the tiny screen 
of a computer? Maybe working with design rules in the 
submicron range? Possibly shielded from daylight? Cer- 
tainly, shielded from the night sky. Don’t you deserve 
better? Don't you deserve an intellectual and spiritual 
break from minutiae? 

Let us suggest a wonderful way to expand your horizons. 
Consider the virtues of astronomy and a Meade Schmidt- 
Cassegrain telescope that can take you from your mun- 
dane world to the moon and beyond, out into our solar sys- 
fem and the stars. Not only to observe but to capture what 
you see in exciting high-resolution photos. 

Meade Instruments now offers the ideal telescope for 
those with an awakening interest in astronomy as a hobby. 
It is the Meade Model 2045 Schmidt-Cassegrain instru- 
ment. Less than a foot long with a 4-inch aperture, this 
mirror-lens compound telescope provides the capability of 
a 4-inch refractor scope that is three times longer, heavier, 
and much more cumbersome. 

Unlike a large refractor scope, the Model 2045's com- 
pact, portable design allows you to take it anywhere at a 
moment's notice, even as carry-on luggage on an aircraft. 
And although it is designed to pack neatly into a small 
carrying Case; no sacrifice has been made in its quality 
optical performance. Consider these features: 

¢ Multi-coated optics that yield razor-sharp images of starpoints, 


planetary surfaces, deep-space objects, as well as terrestrial 
subjects. 


¢ A table tripod that attaches quickly and easily to the drive base 
and is adjustable for observer's latitude. 


¢ A strong rigid fork-mount for telephoto stability. 


¢ Large setting circles for location of faint celestial objects from 
catalog coordinates. 


¢ A 12-volt DC motor drive system for automatically tracking 

celestial objects—operating from an AA battery pack or with 
optional adaptors from an oufo cigarette lighter plug, or from 
120 VAC home outlets. 

For more information on the Model 2045 and an exciting 
and educational new hobby that could change the way 
you and your family live the rest of your lives—send for 
literature and a special $25 rebate offer, or ask us for a 
product demonstration at your nearest Meade dealer. Use 
the phone, FAX or reader service numbers below. 


“Case optional 


Meade Instruments Corporation 


World's Leading Manufacturer of Astronomical Telescopes for the Serious Amateur 


1675 Toronto Way, Costa Mesa, CA 92626 
Phone: (714) 556-2291; FAX: (714) 556-4604 
U.S.A. Outside California: (800) 854-7485 


Literature: Circle No. 121 Dealer Demo: Circle No. 122 


TECHNOLOGY UPDATE 


Two 32-bit bus 
architectures are 
vying for your next 
board design. 


J D Mosley, 
Regional Editor 
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MCA and EISA 


square off 


re ormal debates, choreographed 
" press conferences, firm stands, 
m@ and frantic repositioning have 
" characterized the latest small- 
computer marketing conflict. 
Both the proponents of the Micro Chan- 
nel Architecture (MCA) and those of the 
Extended Industry Standard Architec- 
ture (EISA) have taken hostages from 
the community of plug-in-board manu- 
facturers. However, many board devel- 
opers have declared this battle of the 
buses to be a win/win situation: They’ve 
hedged their bets by designing products 
for both bus specifications. 

When IBM first announced the Micro 
Channel Architecture in 1987 with the 
introduction of its PS/2 line of comput- 
ers, the company specified 32-bit-wide 
data-transfer paths and a 20M-byte/sec 
throughput. A 32-bit PS/2 computer can 
address as much as 4G bytes of RAM. 
The spec also eliminated DIP switches 
and jumpers on plug-in boards by estab- 
lishing programmable-op- 
tion-select (POS) regis- 
ters for automatic system 
configuration. Each board 
manufactured for MCA 
receives an identification 
code from IBM. A con- 
figuration utility com- 
piles this information and 
automatically assigns ad- 
dresses and _ interrupt 
levels to the board. In ad- 
dition, aS many as seven 
intelligent plug-in cards, 
which the company calls 
bus masters, can assume 
control of the bus, thus 
relieving the host CPU of 


one more set of housekeeping tasks. 

An arbitration scheme based on 
preassigned priority levels for each 
board helps the MCA central arbitration 
control point respond to requests for 
control from bus masters. To prevent 
any single board from hogging the bus, 
MCA includes an optional programma- 
ble fairness feature, which prevents a 
board controlling the bus from compet- 
ing with other boards in the next arbi- 
tration cycle. These cycles occur be- 
tween data transfers and, therefore, use 
some of the bus bandwidth during arbi- 
tration. 

IBM keeps prospective PS/2 clone 
makers at bay by imposing licensing fees 
for use of the MCA bus. These fees in- 
clude payment of a percentage of the 
developer’s revenues as well as a retro- 
active fee for presumed past bus-license 
infringements. 

In protest, the Gang of Nine—with 
Compaq leading the revolt—proposed 


Providing a single- or dual-ported SCSI host adapter with data 
transfers reaching 33M bytes/sec, the E/SCSI 4810 Barracuda from 
Interphase pushes the EISA spec to its burst-mode limit. 
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Asia Series 


On your day off, you'll find Seoul 
has many interesting features. 


Seoul is known as a great place for 
bargains, and Itaewon is one of the 
best places to find them. Seoul also 
has many other attractions. Walking 
tours and trips outside the city pro- 
vide a look at Korean culture. So, if 
you're there on business, take time 
to see Seoul at more than face value. 


Zone out. 

At the 38th Parallel lies the Demili- 
tarized Zone (DMZ). Once there, you 
can visit Panmunjom, site of the 
armistice that ended the Korean War 
Don’t miss the 240-foot-deep tunnel, 
cut into bedrock, that heads toward 
Seoul. For a full-day tour phone the 


Korea Travel Bureau (tel. 2-585-1191) 
two days before you want to go. 


Visit the folks. 

The Korean Folk Village, just outside 
Seoul, is a living museum in which 
potters, weavers, millers, blacksmiths 
and other craftsmen recreate the life- 
styles of times past. The major hotels 
have information about day trips. 


Standing tall. 

Rising high above Seoul's skyline is 
the Daehan Life Insurance Building, 
or “Golden Tower” the tallest build- 
ing in Asia. From its observation deck 
on the 60th floor you can see as far 


as North Korea. There are a variety 
of restaurants here too. For more 
information, call 789-5663/50. 


Northwest notes. 

Northwest has more flights to Seoul 
than any other U.S. airline—and from 
there we can take you to other busi- 
ness centers throughout Asia. Plus, 
we offer something no other U.S. air- 
line can: the knowledge that comes 
from over 40 years of helping people 
do business in Asia. For international 
reservations call your travel agent 

or Northwest at 1-800-447-4747. To 
find out more about doing business 
in Asia call 1-800-553-2215, ext. 182. 
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an alternate architecture. (The 
other gang members were AST Re- 
search (Irvine, CA), Epson (Tor- 
rance, CA), Hewlett-Packard, NEC 
Information Systems Inc (Boxbor- 
ough, MA), Olivetti (Somerville, 
MA), Tandy Corp (Fort Worth, 
TX), Wyse Technology (San Jose, 
CA), and Zenith Data Systems 
(Glenview, IL).) They proposed an 
extension of the Industry Standard 
Architecture (ISA), which every 
clone maker had become intimately 
familiar with due to the popularity 
of IBM PC/AT and compatible com- 
puters. They dubbed this new ar- 
chitecture the Extended Industry 
Standard Architecture (EISA). 
Like MCA, EISA provides for bus 
masters and 382-bit-wide data com- 
munications. But the EISA spec 
further provides for a maximum 
throughput of 33M bytes/sec in 
burst mode (versus MCA’s 20M- 
byte/sec burst-mode throughput), a 
58-in.” expansion-card size (versus 
MCA’s 36-in.” size), and 4.5A per 
plug-in-board slot (versus MCA’s 
1.6A allotment per slot). Table 1 
compares these and other MCA and 
EISA specifications. 

In addition, EISA’s bus-master 
arbitration scheme uses a central 
arbitration controller that grants 
bus ownership on a rotational basis. 
Unlike MCA’s arbitration scheme, 
EISA’s uses none of the bus’s data- 
transfer bandwidth because arbi- 
tration occurs in parallel with other 
bus activity. 

To its credit, the MCA plug-in 
board connector offers electromag- 
netic performance superior to that 
of ISA’s connector because a ground 
pin lies between every four signal 
pins. To improve the poor electro- 
magnetic characteristics of its ISA 
roots, the EISA board connector 
has 17 ground pins interspersed 
among the ISA signal pins. 

In response to EISA’s superior 
specs, last October IBM announced 
future MCA capabilities that will in- 
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clude 64-bit streaming data proce- 
dures (SDP) for an 80M-byte/sec 
data-transfer rate, improved fault 
detection, data- and address-parity 
checking, and a software protocol 
for improving bus-control communi- 
cation among expansion cards and 
the main CPU. A proposed synchro- 
nous channel check would isolate a 
fault to a particular device and then 
disable that device without crashing 
the system. 

IBM also proposed future MCA 
extensions that would double the 
bus’s data-transfer rate to 50 nsec 
or less. If IBM does implement 


these extensions, the top data- 
transfer rate with SDP would be 
160M bytes/sec. Of course, EISA 
devotees note that IBM has merely 
voiced speculations and has not im- 
plemented any of these proposed 
improvements. Yet, because IBM 
alone controls developments in the 
MCA spec, the company can rapidly 
enact future improvements and is 
limited only by the available tech- 
nology. In contrast, EISA was 
specified by committee and already 
pushes the technical limits for 1m- 
provements while maintaining com- 
patibility with its ISA predecessor. 


Table 1—Comparison of MCA and EISA specifications _ 
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However, there’s good news from 
the EISA consortium for board de- 
velopers: You no longer have to 
fork over $2500 and sign a nondis- 
closure agreement to get a copy of 
the EISA spec, although it’s still 
not available for free. BCPR Serv- 
ices (Washington, DC), which con- 
trols distribution of the spec, 
charges $125 for printing you a 
copy. For $450, BCPR will print 
you one copy, grant you the right 
to make five copies of your copy, 
provide a year of updates to the 
spec, give you access to the EISA 
Forum Electronic Bulletin Board, 
and let you purchase additional cop- 
les of the spec for $100 apiece. The 
EISA spec details the physical and 
electrical requirements for I/O 
lines, connectors, and timing logic. 
Call BCPR at (202) 371-5921 to re- 
quest a free information kit, which 
contains a technical synopsis of the 
spec. 


bb bbe 


This EISA card can nannle analog signals at rates senohing 1M sample/sec with 12-bit 
resolution. The EISA-A2000 from National Instruments has four simultaneously sampled 
analog input channels with analog and digital triggering for the high-speed level and phase 


analysis of multiple waveforms. 


So, which bus should you design 
your next circuit around? Jerry 
Roby, president of IMC Networks 
Corp, says his company began de- 
veloping its latest Ethernet adapter 
for the MCA bus simply because 


IBM PS/2s have been available for 
two years. Compaq didn’t roll out 
its SystemPro line of EISA comput- 
ers until November of last year. It’s 
interesting to note that every cur- 
rently available EISA host com- 


Table 2—Representative MCA and EISA plug-in boards 


Manufacturer 
‘ACB2610 | 
_ ACB-2670 © 


Codenoll Technology 


_Computone 
Comtrol 
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Inter hase 


LNE 390A 
DCE 376 
| GXE 020A 


: National Instruments 
ewport Systems Solu 
Novell 


ms | WNIC-MCA 
NE3200 


| Standard Microsystems | 


. oo | Ultra 22 EISA 
VideoLogic 
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Model 


“Hosecs 5 550/ MC 


| ProNET-4/16 EISA . 
ARCnet-EISA3200 EISA | ARCnet adapter 998 gets 


DVA-4000/MCA 


Bus 
><A | SCSI host adapter 


| $1412/506 MFM hard-disk controller - | % 16 6 | No 


Board description 


Price | Bits | Bus master 


| ST412/506 2, 7 RLL hard-disk controller — q i Me 
Fiber-optic Ethernet adapter 


Sac — 


ESA [ Toten-ng a controller 
Somebe parallel processor 


EISA | | High-resolution graphics adapter 


Token-ring adapter 


| EISA | ESDI controller 


MCA Full-motion digital video — 


EISA-A2000 EISA ee Secs mndadl board $2905 
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| IDT’s Building Blocks for the ’90s The Total Solution 
IDT is devoted to solving tomorrow’s puzzles today. We recognize that | Call our Marketing Hotline at 
our industry is changing rapidly and that future designs will require || (408) 492-8551, Dept. UBB90 
complex integrated functions using less board space. That’s why IDT \| today for technical information. 
developed the Building Blocks for the ’90s—subsystems to maximize || Or call (408) 492-8225 for a copy of 
functionality and performance while minimizing board space. | our Subsystems Short-Form Cata- 
: : | log, Custom Subsystems Informa- 
We’ve Figured it Out o - tion Packet, and 1989 Data Book 
We figure that you’ll want subsystems for more than one application. - Supplement with details about all 
IDT currently offers subsytems for cache and shared-port memories, _ our subsystems, including RISC. 
writable control store, RISC CPU, and high-integration func-tions. But no ; ; 
é ; IDT, Corporate Marketing, 
one solution will completely solve every problem, so we will help you 2975 Stender Way, Santa Clara, CA 


solve specific design dilemmas with custom subsystem designs. We can 95052-8015, FAX 408-492-8674. 
figure prominently in your design solutions—and we have the track 


record to prove it! : ; 
p Puttin g It All To g ether When cost-effective performance counts 


IDT’s strategic mix of component products allows us to easily put all 
the pieces together. We draw from our extensive line of individual 
products and create custom components for our subsystems. We make 
sure that what you want in a subsystem is what you get. 


Solving the Puzzle 


And there’s more! We do all the design, manufacture, testing, and . 
burn-in on our subsystems. We guarantee our subsystems — all you have 
to do is plug them in. And we offer immediate availability for standard Integr. ated 


subsystems and deliver custom solutions in as fast as 6 weeks! At IDT, we 


believe in offering a total solution, not just pieces of the puzzle. Device Tech nology 
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puter costs more than $10,000, 
whereas IBM offers a Model 30 PS/2 
for a base price of $2255. 

Audrey Harvey, engineering man- 
ager of the data-acquisition division 
of National Instruments, points to 
KISA’s present technical superior- 
ity as the basis for her company’s 
decision to eschew MCA. Harvey 
maintains that EISA’s 32-bit DMA 
controller and higher bus-transfer 
rates permit it to outperform MCA. 
The 33M-byte/sec transfer rate of 


the EISA bus is immediately avail- 
able via Intel’s EISA chip set; MCA 
will be limited to 5M-byte/sec trans- 
fers until faster DMA chips arrive. 

With respect to MCA, Harvey 
says that the spec’s significantly 
smaller board size, current limita- 
tions, and complex arbitration logic 
represent significant restrictions 
for board designers. Furthermore, 
she notes that when using an EISA- 
based computer, you can rewrite 
the DMA-driver software for an ex- 


isting 16-bit ISA board. Thus, you 
can make ISA boards operate at 
the 4M-byte/sec data-transfer rate. 
EISA provides bus translation via 
the system board, thus making it 
easy for a 32-bit EISA bus master 
to access a board with a different 
data-bus width—even if that slave 
is an 8- or 16-bit ISA board. 

Such backward compatibility was 
the original hue and cry of the Gang 
of Nine. And although MCA advo- 
cates scoff at the notion that an end 


For more e information on the MCA and EISA products discussed in this article; 
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For more information . . . 
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INVITES YOU TO THE NEXT 


ENERATION OF MICROPROCESSOR 


DEVELOPMENT SYSTEMS. 


Zax Corporation established its reputa- 
tion as a leading manufacturer in the Micro- 
processor Development industry with the 
introduction of the ICD series of emula- 
tors. We expanded upon this technology 
by unveiling our advanced line of ERX 
emulators featuring high performance debug- 
ging for a wide variety of microprocessors 
including Motorola, Intel, NEC, Hitachi 
and Zilog. 

We now invite you to witness the next 
generation of microprocessor development 
tools by introducing high speed 
33 MHz support for 68020 and 
68030, and by presenting ‘AX/S, 
a revolutionary configuration featur- 
ing an ethernet interface for network- 
ing ERX-series emulators with Sun 


workstations. We’ve enhanced the ERX con- 
figuration without forfeiting the ergonomic 
features and compact size we've always pro- 
vided. You now get higher speed and more 
versatility in addition to features like one 
million breakpoints, two meg of emulation 
memory, performance analysis, source level 
and symbolic debug, enhanced window 
driven interfaces, and full cross develop- 
ment software, to name a few. 

Zax is committed to fulfilling all your 
development needs. Call us toll-free and let 
the next generation of develop- 
ment systems work for you. Call 
1-800-421-0982. In California 
call 1-800-233-9817. Zax Corpo- 
ration. 2572 White Road, Irvine, 
CA 92714. 


Zax Corporation 
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Bee. 


The CodeNet 9500 EISA/FDDI Network board uses modular daughter boards to provide 


easy upgrades. The Codenoll Technology Corp board facilitates FDDI’s 100M-bps data- 
transfer rates and takes advantage of EISA’s wide bus bandwidth. 


user would purchase a $20,000 
Compaq SystemPro to pack it with 
cards from an old IBM PC/XT, the 
fact remains that thousands of plug- 
in cards are currently available for 
EISA bus-based computers, thanks 
to the computers’ ability to use ISA 
cards. If you buy a SystemPro to- 
day, you won’t have to wait for 
some manufacturer to market a bus- 
master modem card with automatic 
configuration before you can tap 
into CompuServe. You'll be able to 
immediately enjoy the low prices 
that the mature ISA market offers. 

Unfortunately, implementing the 
bus-master capability has proven to 
be the major stumbling block as 
plug-in-board manufacturers race to 
market with their offerings. Bugs 
delayed the planned third-quarter- 
1989 availability of Intel’s 82355 
Bus Master Integrated Circuit 
(BMIC) for the EISA bus. The 
BMIC provides an interface be- 
tween a plug-in card’s local func- 
tions and the EISA bus’s master 
protocol by arbitrating bus owner- 
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ship. The BMIC is available in sam- 
ple quantities for $35. Robert 
Neilley, director of marketing com- 
munications at Codenoll Technol- 
ogy, states that the bus-master con- 
cept is complex and notes that the 
BMIC—a _ single chip—only has 
about 16 nsec to grab control of the 
bus, manipulate its speed and traf- 
fic, and then relinquish control. 


Pitfalls abound for all 


Even IBM failed to meet its an- 
nounced December 1989 shipping 
date for its PS/2 Wizard Adapter. 
Jointly developed by IBM and In- 
tel, the Wizard is a $7000 MCA bus 
master card with a 33-MHz, 64-bit 
1860 wP. This 1,000,000-transistor 
chip calculates at speeds reaching 
64M flops and 27 MIPS. It contains 
a RISC (reduced-instruction-set 
computer) integer core, a floating- 
point processor, a graphics unit, 
and internal instruction and data 
caches. 

Louis Regniere, project director 
for Matrox Electronic Systems’ par- 


allel-processing group, notes that 
although the Wizard is a single-slot 
board, you have to leave the slot 
next to it empty because the Wizard 
consumes more than its MCA-allot- 
ted 1.6A. Despite this slip in IBM’s 
plans, more than 1000 MCA bus 
boards are available, and at least 
15 provide bus-master capability. 
Several other plug-in-board man- 
ufacturers planned _first-quarter- 
1990 announcements for MCA-or 
EISA-based products, but produc- 
tion bugs caused them to delay their 
announcements until later in the 
year. Other manufacturers have re- 
fused to commit resources to fur- 
ther technical development until 
the EISA and MCA bus specifica- 
tions stabilize. Several companies 
assert that they’re still finalizing 
the development path their prod- 
ucts will follow. Regardless, all 
board manufacturers agree that 
1990 will be a prolific announcement 
year for EISA and MCA bus-mas- 
ter boards and other products. 
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and modems: | 
four cost effective. : 
reasons to have UDS 1n your corner 


Concentration: 
spend your time 
and money on what you 
do best. 


You excel at what you do; we excel 
at designing and producing modems. 
Devote yourself to developing and 
marketing your products more effec- 
tively, and get the modems you need 
from us. We have invested heavily 

in automated production equipment, 
test instrumentation and a large 
technical staff so you won't have to. 


Reliability: because nothing costs 
like something that doesn’t work. 


Once you receive an OEM modem from UDS, install it, ship 
it and forget it. Our quality assurance procedure ranges 
from incoming chip burn-in to 100% testing of all modems 
prior to shipment. This attention to quality assurance has 
put our historical reliability rate near the 99th percentile. 


Experience: we have already solved 
most of your problems. 


Over the past 20 years, we have designed, produced and 
delivered more than 2 million modems in over 3,000 dif- 
ferent configurations. We have proved our capability to 
fulfill nearly any form, fit and function requirement from 
0-300 to 56,000 bps. 


Commitment: more 
Mata than a promise, it’s 
our reputation. 

Supplying an edge in price/perfor- 
mance begins and ends with commit- 
ment. UDS is committed to the 
manufacture of modems—and only 
modems. We're also committed to the 
needs of OEMs, who buy over 30% 
of the modems we make. We have 
built a position as an industry leader 
by honoring commitments — 
commitments to your quality demands, commitments to your 
deadlines, commitments to your demand for value. 


Get us in your corner. 


Contact us, and we'll help you corner your share of 
datacomm market. Let’s talk specs and prices! 

UDS, 5000 Bradford Drive, Huntsville, AL 35805-1993. 
Telephone: 205/430-8000; FAX: 205/721-8926. 
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The first computer graphics were created by these Each 2.5 x 21.5 cm section has a whopping 1360 possible digits. Users The Selectron tube had 
cards designed for use on the Jacquard loom in the of paper tape were probably the first to pray for a paperless office. random access to 256 bits 
late 18th Century. of storage with a cycle 


Keep up with 
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IBM® used 64 of these core memory planes in the 
1958 SAGE. 


Now that you have your hands on that 
bat out of Hell microprocessor, dont let old mem- 
ories turn your design into a nightmare. 

All our CMOS EPROMS are the fastest in 
their class. And we have the widest range of den- 
sities. From our 55ns 64K device to our |OOns 
2Mb device. In a configuration that matches any 


This disk is one of six from a 1956 IBM 1316 
disk pack which stored 2 million bits and 
accessed data at an astonishing 250ms. 


efuture 


MOS EPRO 


AMDs 100ns 2Mb CMOS 
EPROM is 200000 times 
faster and stores the same 
amount of data as over 8000 
Selectron tubes in under 
one centiliter. 


system. Like the one youre designing, 

And theyre all in power-saving CMOS. 

No one makes and sells more CMOS 
EPROMs than AMD. They’re ready, in volume, at 
prices that wont put bugs in your budget. 

Just contact us to find out how AMD can 
make wait states a mere memory for you. 


Advanced Micro Devices «' 


For more information write "CMOS EPROMS’ on your letterhead and mail to: (In Europe) AMD Mail Operations, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS United Kingdom (In Asia) Advanced Micro Devices Far East 
Ltd., Rm. 12012 Harcourt House, 39 Gloucester Road, Hong Kong, Attn: Andrew Ng. (In Japan) Advanced Micro Devices Japan Ltd., Shinjuku Kokusai Bldg., 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 
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When budgets are 
tight, low-cost de- 
bugging tools may 
be the only option. 
Fortunately, these 
tools are versatile 
enough to perform 
many tasks. 


Richard A Quinnell, 
Regional Editor 
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16-bit soma tools 


perform at 


favorite way for budget-con- 
scious managers to control 
project costs is to disapprove 
', the purchase of expensive 

ee et(>$10,000) test equipment, 
seh as procescuraosGne debugging 
tools. Lower-cost (<$6500) alternatives 
can satisfy many applications and may 
be the best choice for your tight 
budget—if you can live within their limi- 
tations. 

When discussing debugging tools, 
most design engineers think of in-circuit 
emulators, powerful devices that are be- 
coming increasingly expensive. The con- 
tinual rise in processor clock rates is 
forcing emulator designers to use more 
expensive memory and logic. At the 
same time, the proliferation of processor 
variants is reducing the number of cus- 
tomers using each type of processor, so 
emulator vendors must 
charge more per unit to 
recover their develop- 
ment costs. 

The higher-priced emu- 
lators are designed to 
tackle the toughest prob- 
lems in the fastest sys- 
tems. However, less ca- 
pable, lower-cost tools 
ean handle many soft- 
ware-debugging prob- 
lems. After all, there’s no 
sense in buying a Porsche 
if all you need to do is 
drive around town. 

The lower-cost tools 
are most useful when 
your target hardware is 
at least 90% functional 
and doesn’t need to run at 
state-of-the-art speeds. 


OW cost 


With a relatively stable hardware plat- 
form, debugging activity can center on 
the software. The more functional your 
software is, the cheaper the tool you 
can use. 

The cheapest development tool is 
probably a monitor program that resides 
in ROM on your system and talks to a 
dumb terminal. This time-honored help- 
mate has been around as long as the 
microprocessor and is quite useful for 
handling small debugging problems and 
assembly-language patches of a few 
dozen lines. You can tackle larger de- 
bugging problems using just a monitor, 
but it’s a tedious task. 

A typical monitor program lets you 
examine and change memory and regis- 
ters, set software breakpoints, and be- 
gin the execution of code at any location. 
Many of these programs include limited 


The Orion Unilab 8620 offers emulator-like capabilities such as the 
monitoring and control of your processor’s operation. The unit offers 
real-time trace capability, and it can emulate your system’s memory. 
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line assemblers and disassemblers. 

Through clever and patient use 
of the monitor, you can check the 
operation of any peripheral in your 
system and test I/O ports and mem- 
ory. You can also run your software 
at full speed on the target system, 
halting the processor to see if the 
software is behaving. If it’s not, you 
can isolate the problem by using a 
lot of intuition—that is, guessing 
where the mishap has occurred and 
putting in breakpoints to verify 
your guess. 

Almost every processor vendor 
offers a monitor program for its 
products. Vendors usually include 
monitors as part of a development 
or evaluation board, but you may 
be able to buy them separately. For 
example, Zilog (Campbell, CA) of- 
fers monitor source code for its en- 
tire processor family. The source 
code lets you easily adapt the moni- 
tor to your system’s configuration. 


Development boards with monitors — 


typically cost a few hundred dollars. 
Motorola (Austin, TX) and National 
Semiconductor (Santa Clara, CA) 
also offer development boards. 

Simple monitor programs have a 
number of obvious limitations. 
Their communications with the user 
are typically slow and cryptic, com- 
prising ASCII characters flowing 
along a serial data link. The monitor 
requires a serial I/O port for com- 
munications. Further, your system 
must use RAM instead of ROM so 
you can set breakpoints in execut- 
able code. 

The monitor-based debugger is a 
giant step above the basic monitor. 
The debugger is actually two pieces 
of software. One is a monitor pro- 
gram that resides in your system’s 
memory; the other runs on a host 
computer. You interact with the 
program in the host computer, 
which in turn uses the monitor to 
control the target system. 

The Xray debugger from Micro- 


ing hosp deste i is in 
: unmanageable. 


tec Research is an example of a 
monitor-based debugger. It works 
with the 680x0 and 80x86 families 
of processors and comes in versions 
that run on IBM PC-compatible 
computers, VAXes, or on Sun, HP, 
or Apollo workstations. 

Depending on your board’s capa- 
bilities, the debugger communi- 
cates to the monitor program on 
your board through an RS-232C 
link, a SCSI port, or Ethernet. The 
monitor program occupies approxi- 
mately 5k bytes of memory and is 
locatable anywhere within your sys- 
tem’s memory. A PC-based Xray 
debugger with a monitor starts at 
$2000. Add Microtec’s C compiler 
and you’ve turned your PC into a 
complete development system for 
around $5000. 

Other monitor-based debuggers 
come from Intermetrics and First 
Systems. Intermetrics’ RMXDB 
handles the 68000 and 8086 families 
as well as the 68332. The debugger 
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costs $4050 with a C compiler. The 
First Systems Microscope debugger 
for the 80x86 and V Series pro- 
cessors costs $2780. Its monitor 
portion requires only 1700 bytes 
of ROM. 


High-level user interface 


Because it runs on a host com- 
puter, a monitor-based debugger 
has many advantages over a simple 
monitor. The most obvious advan- 
tage is that the host takes over com- 
munications with the monitor, al- 
lowing you to use more complex 
commands. Further, the communi- 
cations link operates with binary 
data instead of ASCII, and it pro- 
vides error checking. The result is 
faster, more reliable communica- 
tions with the target. 

The host computer provides 
much more than enhanced commu- 
nications with the monitor, how- 
ever—it makes the whole system 
easier to use. Monitor-based debug- 
gers offer pop-up menus and on-line 
help messages, and they separate 
the information into display win- 
dows for easier viewing. 

If the debugger has access to the 
source-code files, it will let you 
work with your code at the source 
level. However, to provide the de- 
bugger with the necessary informa- 
tion for this feature, your compiler 
must generate the proper files. The 
Intermetrics RMXDB, for example, 
works only with the Intermetrics 
compilers. Microtec’s Xray debug- 
ger works with C compilers that 
generate files in Intel’s (Santa 
Clara, CA) output module format 
(OMF). The First Systems Micro- 
scope debugger works with C, Pas- 
cal, and Fortran OMF compilers. 
First Systems also offers a $90 util- 
ity program that converts files gen- 
erated by Microsoft’s compilers to 
the OMF. 

One drawback of monitor-based 
debuggers is their dependence on 
target resources. If you want to use 


80 


breakpoints, your code must origi- 
nate in RAM. You must provide a 
communications port so the target 
can talk to the host. In addition, 
some of the processor’s resources 
are commandeered by the monitor 
to help it control the processor. 

To regain control of the processor 
while it’s executing your code, the 
monitor program must have a 
means of altering the program flow. 
The Microscope debugger, for ex- 
ample, uses interrupt request lines 
to halt the processor for single-step 
operation and at breakpoints. The 
Xray debugger is less intrusive; it 
uses the processor’s illegal instruc- 
tion and trace vectors to re-enter 
the monitor. 
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people can use. They may not bless 
you for your thoughtfulness, but 
they'll probably stop cursing. 

A major limitation of monitor- 
based debuggers is their inability 
to provide any runtime trace capa- 
bility. To see what has happened 
in your system, the debugger must 
stop the processor and query its 
status. To watch your code in op- 
eration, you must single-step the 
processor—a tedious task. 

The Intermetrics RMXDB uses 
single stepping to provide a pseudo- 
trace feature: it’s a trace, but it’s 
slow. The debugger steps the proc- 
essor through your program, keep- 
ing a history of the program- 
counter value in RAM. When you 


Even low-cost tools can offer source-level debugging. By coupling your source code with 
the compiler’s assembly-language product, tools such as the Microtec Xray debugger let you 


work with both details and abstractions. 


If you can permanently dedicate 
board resources for the monitor’s 
use, you'll receive the added benefit 
of built-in testability. Simply leave 
the monitor resident on your board 
when it goes into production (and 
don’t forget to pay any license fees). 
The monitor will become a tool that 
the manufacturing and field-service 


stop the trace, the record allows 
you to see what the processor actu- 
ally did. 

To acquire real-time trace capa- 
bility, you’ll have to spend a lot 
more money to acquire a bus moni- 
tor/ROM emulator such as the 
Orion Instruments Unilab 8620 
($6280) or the Softaid IceAlyzer 
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($5280 with source-level debug- 
ging). Both units require an IBM 
PC or compatible host computer. 
Unilab comes with an add-in card 
for connection to the host. The 
IceAlyzer uses a serial communica- 
tions link. 

These emulators connect to the 
target processor, monitoring ad- 
dress, data, and control signals as 
the processor executes code. The 
Unilab can also monitor program 
execution by plugging into a ROM 
socket. The bus monitors can ac- 
quire and display trace data without 
halting the processor, because they 
simply watch rather than control it. 

In addition to monitoring proces- 
sor operation, the units emulate the 
target’s ROM, allowing you to de- 
bug your code without relocating it 
to RAM space. To prevent bus con- 
tention, however, you may need to 
remove or disable the ROM on your 
target during emulation. 

The emulation capability lets the 
unit control the processor’s opera- 
tion without using any of the sys- 
tem’s resources. Because the emu- 
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Development boards with monitor programs are the least expensive debugging tools. The 
boards provide both a stable platform on which to test your code and a window into its 
operation. Most IC manufacturers offer these boards for a few hundred dollars. (Photo 


courtesy Zilog Inc) 
oS ae 


lator has complete control of the 
program memory, it can insert the 
control software directly into the in- 
struction sequence. The Unilab will 
also use the processor’s non- 
maskable interrupt, if available, to 
provide hardware breakpoints. 
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Low Interest Su 


Like the monitor-based debug- 
gers, the emulators use the host 
computer to provide a variety of 
useful features, including windowed 
displays, source-level debugging, 
and on-line help. In addition, the 
host computer can keep track of all 
code-memory access and create a 
histogram of code usage. 

This histogram feature, called a 
performance analyzer, lets you de- 
termine where in your program the 
processor is spending most of its 
time. Such sections of code are 
prime candidates for optimization. 
You can also find out which sections 
of code are dead (never executed). 


True in-circuit emulation 


Even though the Unilab and the 
IceAlyzer have most of the func- 
tions found in in-circuit emulators, 
they differ in a few critical areas. 
First of all, the ROM emulators can 
only see what’s happening outside 
of the processor. To allow you to 
examine internal registers and 
eliminate instructions that were 
fetched but not executed, the ROM 
emulators model the processor’s op- 
eration. They keep track of what 
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values the internal registers should 
have and display those values. In- 
circuit emulators mimic the proces- 
sor so that the emulator can directly 
read all of the processor’s internal 
states. 

Another critical difference be- 
tween ROM emulators and in-cir- 
cuit emulators is that an in-circuit 
emulator can prevent the proces- 
sor’s memory-access cycle from ap- 
pearing at the target and a ROM 
emulator can’t. Thus, an in-circuit 
emulator can overlay the ROM in 
your system without causing bus 
contention. 

A third difference between these 
two types of emulators is their 
speed. ROM emulators peak at 16 
MHz, whereas certain in-circuit 
emulators can match the highest 
available processor speeds. 

In many development projects, 


low-cost tools fill the bill most of 
the time. You may encounter com- 
plex problems, however, when the 
power of a top-notch in-cireuit emu- 
lator is vital. In that event, you may 
want to rent the expensive tool. 
Rental companies such as Leasa- 
metrics Inc (Foster City, GA), as 
well as the manufacturers them- 
selves, offer tools at a monthly rate 
of 9% to 11% of their price. 

If several people are working on 
development at the same time, you 
can also try providing a range of 
tools. Acquire one in-circuit emula- 
tor and several debuggers. That 
way, each person on the team has 
a debugging tool and can use the 
“big gun” when necessary. Many 
debuggers, such as the Intermetrics 
XDB 5.0 and the First Systems Mi- 
croscope, can directly control an in- 
circuit emulator, so you can use it 


as an extension of the debugger’s 
capability. 

Finally, remember that a tool 
costs more than its price. Carefully 
examine the warranty and service 
provisions to be sure you'll have the 
vendor’s full support whenever you 


need it. 


References 


1. Berger, Arnold S, “Following sim- 
ple rules lets embedded systems work 
with wP emulators,” EDN, April 13, 
a pg 171. 

2. Strassberg, Dan, “ICs and tools 
tame tough technology,” EDN, October 
26, 1989, pg 73. 


Article Interest Quotient 
(Circle One) 
High 509 Medium 510 Low 511 


—— ss — ?L 


Rogers’ Micro/Q®1000 decoupling capacitors mated with your IC 
dramatically reduce voltage noise spikes and EMI/RFI. 


The close proximity of the capacitor to the IC maximizes noise 
suppression. Same holes. Same space. No redesign. 


Low inductance means low impedance over a wide frequency 


range. Makes the Micro/Q 1000 capacitor super effective at 


decoupling a wide bandwidth of frequencies with the fol- 
lowing types of ICs: DRAMs, SRAMs, Video RAMs, - 
EPROMs, MPUs, Bus Drivers/Buffers, and various 
logic families. Available on 0.3”, 0.4”, and 0.6” body 


widths with various pinouts and lengths. 


Micro/Q® is a registered trademark of Rogers Corporation. 


Another MEKTRON® Interconnection Product. 


CIRCLE NO. 7 


A quiet relationship. That’s making a lot of noise around the 
industry. Micro/Q 1000 and you. 


For all the facts on the Micro/Q 1000 capacitors call a Rogers’ 
Product Specialist today at (602) 967-0624. (Fax 602-967-9385). 
And ask for a free sample. 


Technology for tomorrow built on TQC today. 


& ROGERS 


Rogers Corporation 

Circuit Components Division 
2400 S. Roosevelt Street 
Tempe, AZ 85282 


EDN April 12, 1990 


Outof sight performance! 


quality and innovation, is now 
setting a new standard of 
performance — the Electront- 
cally Invisible Interconnect. 
Outta’ sight! 


Introducing the Electroni- 
cally Invisible Interconnect : 
transparent to high frequency 
signals, therefore eliminating 
connector [ii mumecm 


through ETI is maintained 
because reflection, crosstalk, 
attenuation, signal skew, and 
rise-time degradation are 
reduced to absolute 


induced minimums. 
signal This unprecedent- 
distortion. ed performance is 
Until now, made possible by a 
the limiting EII achieves matched impedance unique flexible 

of the connector to the backplane and , ; ; 
factor for daughter card. microstrip transmis- 


signal integrity in high speed 
electronic circuits has been 
the connector. The source 
may be matched to the load, 
but an impedance mismatch 
at the connector degrades 
performance. Signal integrity 
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sion line structure with a 
continuous ground-plane as 
the major signal path through 
the Electronically Invisible 
Interconnect. 
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Comprehensive design-automation package 
will revolutionize product development 


he Concurrent Design En- 

vironment, an umbrella 

term for all Mentor Graph- 
ics’ and compatible third-party 
CAD and CAE products, automates 
product design to a degree never 
before possible. Key to this automa- 
tion is the company’s CAD frame- 
work package, dubbed Falcon. The 
Falcon framework for concurrent 
design forms the core of the com- 
pany’s latest product introductions, 
known collectively as Software Re- 
lease 8.0. Falcon helps engineering 
organizations plan and coordinate 
product development in the follow- 
ing ways: It provides a consistent 
user interface for all design tools; 
it stores all project-related informa- 
tion in a unified database; it pro- 
vides project-team members with 
ready and controlled access to that 
data; and it automatically monitors 
all design activity to ensure fulfill- 
ment of project goals. 

The Falcon framework comprises 
four components: an extended ver- 
sion of the Open System Founda- 
tion’s Motif graphical user interface 
(GUI) for Unix, a design data-man- 
agement system (a database man- 
ager), a design-management envi- 
ronment, and a decision-support 
system. The common user interface 
and unified database provide a foun- 
dation for all of Falcon’s tools. 

By incorporating Motif, Falcon 
provides a standard method for 
CAD and CAE tools to interact 
with a designer through windows 
and menus. However, GUIs can 
hinder an advanced user’s ability to 
perform at maximum efficiency by 
throwing a seemingly endless series 
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Meters and gauges (top) built into the Concurrent Design Environment’s decision-support 
system can give you instant feedback on a number of critical project parameters. Software 
constructs called watchers can place a message on your screen (center) to warn you when 
a design change violates a project constraint. 


of menus in the way. Mentor added data-format incompatibility among 
several extensions to Falecon’s GUI Falcon-compatible CAD and CAE 
such as a pop-up command line, _ tools. 
prompt bars, a user programming Falcon’s design-management en- 
language, and hypertext-based help vironment provides engineering 
screens to address this potential managers with version-control, con- 
problem. figuration, and product-release fa- 
Falcon’s GUI unifies EDA (elec- cilities. Using this tool, engineering 
tronic design automation) tools at managers can ensure that all pro- 
the topmost level; Falcon’s data- ject engineers use the correct ver- 
base provides consolidation at the — sions of the appropriate tools (as de- 
lowest level. The database manager _ termined by the project team). You 
stores all design data in object-ori- can also control product releases to 
ented data structures. These struc- ensure that the proper versions of 
tures respond identically to re- all the right parts—and none of the 
quests by design tools, design-man- wrong ones—get into each product 
agement programs, and user com- release. Software products from 
mands. More important, however, other companies have provided 
the unified database eliminates such control, but it’s an integral 
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part of the Falcon framework. 

The decision-support system is a 
universal modeler with many funda- 
mental uses. An integral spread- 
sheet provides the computational 
power for the decision-support sys- 
tem. The spreadsheet can automati- 
cally calculate factors such as cost 
or power dissipation for your prod- 
uct. It can even perform thermal 
analysis. The decision-support sys- 
tem automatically extracts the data 
needed to solve the spreadsheet 
equations from Falcon’s unified da- 
tabase. For example, the project’s 
bill of materials and a component 
database supply the spreadsheet 
with enough information to simul- 
taneously compute a_ product’s 
MTBF, power dissipation, and cost. 

However, the decision-support 
system does far more than the 
spreadsheet paradigm might imply. 
Using pictorial elements such as 
meters and numeric displays, the 
decision-support system can paint 
a real-time appraisal of the spread- 
sheet’s results on your screen. You 
might, for example, tie the image 
of a VU meter to your project’s cost 
as computed by the spreadsheet. 
You can then incorporate your cost 
goals into that representation by 
defining a red zone on the meter 
to represent excessive cost. Thus, 
when you look at the meter, you 
can see whether or not your project 
is exceeding its cost limits and 
meeting its goals. 

Similarly, you can hook your 
product’s computed MTBF, power 
dissipation, size, radiation budget, 
or any other quantifiable metric to 
a meter or another type of display. 
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In effect, the decision-support sys- 
tem allows you to create a control 
panel that helps you manage your 
whole project. 

The same system, through a 
mechanism called a watcher, allows 
you to define situations that pop up 
a warning message on any desig- 
nated team member’s screen if a de- 
sign change violates a project con- 
straint. This type of information 
helps your project team make in- 
formed decisions regarding compo- 
nent selection, hardware/software 
tradeoffs, standard-vs-optional fea- 
ture selection, and related product- 
development decisions that previ- 
ously were made with a more seat- 
of-the-pants approach. 

The decision-support system also 
allows you to model your entire 
product through the spreadsheet 
and paint a working, simulated 
front panel on your screen complete 
with live displays and working con- 
trols. (You activate the controls by 
pointing to them and clicking them 
on with your workstation’s mouse. ) 
You can define a “living” product 
specification with this system in a 
few days. Because everyone on the 
team can then see how the product 
is supposed to work, you should be 
able to slash the time needed to re- 
fine the product’s definition and 
reach a consensus. The simulated 
product should also reduce the defi- 
nition problems and ambiguity that 
plague paper specifications and 
cause projects to slip past dead- 
lines. 

The company is making the Fal- 
con framework an integral part of 
its EDA tools. For example, Men- 


tor’s Board Station 8.0 Software 
Release includes Falcon along with 
other features such as an editor that 
adds automatic routing to the man- 
ual pe-board trace editor. The edi- 
tor allows you to sketch a rough 
path to show the router where to 
place a trace. The editor’s router 
will then squeeze through available 
paths and shove existing traces 
aside when necessary while con- 
currently performing design-rule 
checks. 

The Board Station 8.0 Software 
Release will be available in the 
third quarter of 1990. Its price 
starts at $82,900 and includes an en- 
try-level workstation with 16M 
bytes of RAM. Other members of 
the Software Release 8.0 tool family 
include products for IC design, ca- 
ble layout, packaging design, soft- 
ware development, document crea- 
tion and distribution, and thermal 
analysis. Prices for these tools will 
be announced in the second quarter 
of 1990.—Steven H Leibson 

Mentor Graphics Corp, 8500 SW 
Creekside Pl, Beaverton, OR 97005. 
Phone (503) 626-7000. FAX (503) 
626-1268. TLX 160577. 
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oe PSpice’s Monte Carlo option calculates the — 


variations in a circuit’s performance allowing 


_- ) for component tolerances. The option performs 
|_| statistical analyses: Monte Carlo, Sensitivity, 
-| and Worst Case. This allows the circuits to 


be evaluated under “real world” conditions. 


Since no one random distribution will suffice for all [7 
>| Monte Carlo applications, PSpice has two built-in 


distributions: uniform, and Gaussian. Also, arbitrary : 
distributions may be specified by the user. / 


| Multiple waveforms from the analyses can be viewed / 
| together to “eyeball” the spread of results. A summary |- 


of data is printed after all runs have completed. It lists 


| values of a “waveform measure” in order by magnitude, 


plus such information as the mean and standard deviation 
of the lists. 


Since its introduction over six years ago, MicroSim’s 
PSpice has more copies sold than all other SPICE 


. "| programs combined. PSpice has gained its reputation 
| from its extensive capabilities, accuracy of results, 


diverse options, and range of available platforms. PSpice 


a includes an extensive device library of 2500 analog 
|| parts and 1200 digital parts. | 


A wide variety of circuits can be analyzed using PSpice. 


neuen : They range from precision instrumentation amps, to 


microwave mixers, to switching power supplies, to 
digital control circuits. Our capability to analyze mixed 
analog/digital circuits is unique in the industry. 


| PSpice is available on these computer systems: 


* The PC family, including the PS/2, running DOS, 
Protected Mode DOS, or OS/2. 


The Macintosh II family. 
The Sun 3, Sun 4, and SPARCstation families. 


The HP/Apollo DS2000, DS3000, and DS4000 series 
workstation. = 


The DECstation 2100 and 3100. 
The VAX/VMS family, including the Micro VAX. 


[3 Each copy of PSpice comes with our extensive product 


support. Our technical staff has over 100 years of 


. | experience in CAD/CAE, and our software is supported 
* | by the engineers who wrote it. 


"| For further information about the Monte Carlo analysis 
>| option or any other PSpice product, please call us toll 
>| free at (800) 826-8603 or, in California, (714) 770- 
| {| 3022. Find out for yourself why PSpice has become 
© the standard for circuit simulation. 


= 20 Fairbanks « Irvine, CA 92718 USA * FAX (714) 455-0554 


PRODUCT UPDATE 


DSP board for Mac II 
yields 33M flops 


If you’ve been looking for a dedi- 
cated, high-speed computation en- 
gine for your Macintosh II com- 
puter, try plugging in an NB- 
DSP2300. At the heart of this board 
is a 33.33-MHz TMS820C30 DSP 
wP, which has specs reaching 33M 
flops and 16 MIPS with 32-bit float- 
ing-point and integer precision. In- 
corporating an on-chip DMA con- 
troller, the TMS320C30 offers 60- 
nsec, single-cycle instruction execu- 
tion and uses a 4-stage instruction 
pipeline that transparently man- 
ages processing conflicts. In addi- 
tion, the IC can directly access any 
Nubus address space via_ the 
board’s Nubus Master interface. 
The board’s DMA controller per- 
forms block-mode transfers as fast 
as 33.7M bytes/sec between the lo- 
cal memory and your Mac’s Nubus. 
The $4995 board comes with 
32k x 32-bit words of zero-wait- 
state static RAM that both the 
TMS320C30 and the Nubus can ac- 
cess. Furthermore, the board’s 4k 
words of no-wait-state, dual-ported 


memory permit simultaneous access - 


to the Nubus and the TMS320C30. 
For $5795, the board comes with 
64k words of memory. 

The DSP board uses a Real-Time 
System Integration (RTSI, pro- 
nounced rit-see) bus for interboard 
communications, such as external 
DMA requests and external inter- 
rupt requests. The RTSI bus also 
contains timing lines for synchroniz- 
ing multiple NB-DSP2300 boards. 
Because the TMS320C30 uses a pro- 
prietary floating-point format, the 
NB-DSP2300 provides hardware to 
translate the chip’s floating-point 
numbers into the IEEE floating- 
point format used by your Mac II. 

Applications for the NB-DSP2300 
include real-time signal analysis, fil- 
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Based upon a 33.33-MHz TMS320C30 DSP chip and a DMA controller that allows 33.7M- 
byte/sec data transfers, NB-DSP2300 lets you perform real-time filtering and spectral 
analysis with your Macintosh II computer. 


tering, spectral analysis, complex 
process control, high-resolution 
graphics, and imaging. The board 
occupies one Nubus slot in your 
computer. For $895, you can pur- 
chase the C30 Analysis Library, a 
library of 32-bit, single-precision 
software routines for the board, 
such as waveform analysis and gen- 
eration, Fourier and spectral analy- 
sis, digital-filtering functions, sta- 
tistical analysis, vector and matrix 
algebra, nunierical analysis, and ar- 
ray functions. This software pack- 
age provides language interfaces 
for Think-C 4.0 and MPW-C 3.0; 
however, you can use the C30 
Analysis Library with any language 
that supports calls from the system- 
toolbox-device manager. The pack- 
age also has a virtual-instrument in- 
terface for use with the manufac- 
turer’s LabView 2 instrumentation 
software. If you want to create new 
applications for the NB-DSP2300 
board, you can order a $2500 devel- 


oper’s kit from the vendor. 

If your applications require pre- 
cise audio-frequency A/D and D/A 
conversions, you may also want to 
consider the $1595 NB-A2100 ex- 
pansion board for the Mac II. It con- 
tains two 16-bit simultaneously 
sampling A/D converters, two 16- 
bit D/A converters, and a 16-word 
32-bit FIFO buffer. The board’s ca- 
pabilities include antialias linear- 
phase filtering and sampling rates 
of 22.05, 24, 32, 44.1, and 48 kHz; 
harmonic distortion is typically be- 
low —95 GB for full-scale sine input 
from 20 Hz to 20 kHz. You can use 
the NB-A2100 to digitize or synthe- 
size any signals within a 22-kHz- 
max bandwidth.—J D Mosley 

National Instruments Corp, 6504 
Bridge Point Pkwy, Austin, TX 
787380. Phone (800) 433-8488; im 
TX, (512) 794-0100. FAX (512) 794- 
S411. | 
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PRODUCT UPDATE 


Power-analysis tool predicts 


digital chips’ power consumption 


The Powermill switch-level CAD 
tool analyzes node voltages, current 
flow, and power dissipation on your 
digital IC. Using this software, you 
can avoid haphazard analysis that 
leads to either overestimating or 
underestimating your design’s cur- 
rent needs. 

Overestimating your chip’s cur- 
rent needs can lead you to add more 
power and ground pins than the 
chip needs. You might also build 
your supply rails too wide. Either 
of these actions can lead to more 
costly packaging decisions, includ- 
ing partitioning your design into 
more packages than is necessary. 
Conversely, underestimating cur- 
rent flow can degrade the perform- 
ance and reliability of your IC. 

Currently, two techniques are 
used to analyze power require- 
ments. The most popular method 
estimates power consumption as 
the product of clock frequency, av- 
erage device current, the number 
of transistors, and the probability 
of any one transistor switching. An- 
other technique is to use Spice in 
one of its many variations. Spice is 
the simulator of choice for switch- 
level modeling of small- to midsized 
analog and digital circuit blocks. 
Unfortunately, as circuits get big- 
ger, Spice gets overwhelmed, cut- 
ting throughput exponentially. 

Powermill uses a first-order ap- 
proximation of transistor character- 
istics to emulate power response. 
The tool calculates instantaneous 
and average current flow, power 
dissipation, and node voltages. Its 
models use more than 10 discrete 
voltage levels between logic 0 and 
1 to drive its event queue. 

Like a digital simulator, Power- 
mill is event driven. However, a 
digital simulator’s events are the 
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When transistors switch on and off, the instantaneous change in current flow can dramati- 


cally affect the supply rails, as this Powermill simulation output shows. 


single transitions between 0 and 1, 
whereas Powermill’s events are the 
transitions between each discrete 
voltage level in the model. When 
an event occurs, the software uses 
the circuit’s instantaneous node 
voltages to calculate the branch cur- 
rents for all transistors. By sum- 
ming currents, the software can 
compute total block and chip cur- 
rents. 

Powermill’s analysis can guide 
the layout of your IC away from 
local high-current blocks. These 
blocks could lead to thermal prob- 
lems and electromigration. Hot 
spots caused by high current flow 
can also affect timing and reliabil- 
ity. Electromigration, resulting 
from high-density electrons pushing 
metal atoms from the conducting 
trace into the insulating silicon di- 
oxide, increases resistance and de- 
grades performance and reliability. 

You should also provide effec- 
tive power distribution; otherwise 


many transistors switching simulta- 
neously can cause a surge that tem- 
porarily depresses voltages with re- 
spect to ground. This surge can lead 
to device failure from effects like 
shrinking noise margins and ground 
bounce. To uncover these problems, 
Powermill uses short simulation 
patterns. 

The software needs 8M bytes of 
RAM and runs on most popular 
Unix workstations. Powermill ac- 
cepts files in Spice and Spice-like 
net lists. It has its own menu inter- 
face and waveform viewing package 
and is also encapsulated within both 
the Cadence Design Framework 
and the Viewlogic Workview frame- 
work. The power-analysis software 
starts at $35,000 for a single-user 
license.—Michael C Markowitz 

Epic Design Technology Inc, 
2900 Lakeside Dr, Suite 205, Santa 
Clara, CA 95050. Phone (408) 988- 
2944. FAX (408) 988-8324. 
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The creator’s setting the new standard. Again. 


Zilog’s NMOS SCC is the clearly established industry 
standard. Now our CMOS SCC, the Z85C30, brings you 
all the low power, low temperature, high reliability 
advantages of CMOS technology—and more. Off the 
shelf. It’s the new design and upgrade opportunity 
you've been waiting for. 


Impressive performance. 


Along with the tremendous performance benefits 
of having an SCC in CMOS, you'll get greatly increased 
speeds. Maximum data rates of 2.5 Mb/sec, for example. 
And the on-board 10x19-bit status FIFO and 14-bit byte 
counter ensure high-speed SDLC transfer. Plus the CMOS 
SCC’s enhanced DMA support cuts your CPU overhead 
considerably, so you don’t have to babysit the device. 


Easy to design in. Pin compatible upgrade. 

Zilog’s CMOS SCC easily interfaces to multiplexed 
or non-multiplexed microprocessors. The Z85C30 is 
function compatible—software compatible and pin 
compatible—with the industry standard NMOS SCC. 

So all you have to do is plug it in. 


Right product. Right price. Right away. 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 448-9370, IL (312) 517-8080, 
NJ (201) 382-5700, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, WA (206) 523-3591, CANADA Toronto (416) 673-0634, UNITED KINGDOM ee (44) (628) 39200, Ve GERMANY 
741-3125, SINGAPORE 65-235 7155, 


CANADA Future Electronics, SEMAD, LATIN 


Munich (49) (89) 672045, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886)s (2) 
DISTRIBUTORS: U.S. Anthem Electronics, Hall-Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western Microtechnology, 


Quality and reliability you can count on. 

Using Zilog’s advanced 2 micron CMOS manutfac- 
turing process, we're currently achieving better than 
100 PPM on the Z85C30. With over 4000v ESD protec- 
tion, the device has a very high immunity to EM] and 
static-induced stress. And the CMOS SCC is available in 
MIL Standard 883C for even more reliability assurance. 


We wrote the book on SCCs. 


Zilog’s NMOS SCC is widely used by the industry's 
top names in system manufacturing. Our original SCC 
literature is the book that much of rest of the industry 
has used as a source. We offer a full complement of sup- 
port materials including application notes and a list of 
detailed answers to the most commonly asked questions. 

We've got lots more to tell you about the CMOS 
SCC. Not to mention some other very exciting Zilog 
SCCs, including the soon-to-be-released SMART SCC and 
INTEGRATED SCC. All off the shelf and backed by Zilog’s 
proven quality and reliability. Enough said. Contact 
your local sales office or your authorized distributor 
today. Zilog, Inc., 210 Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 


AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 581-1945, Semiconductores Profesionales (5) 536-1312. 
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PRODUCT UPDATE 


IBM VGA graphics controller 
drives flat-panel displays 


The Display Master VGA graphics 
controller can drive any of the four 
primary display technologies used 
with IBM-compatible personal com- 
puters. The card works with stan- 
dard monochrome and color CRTs, 
and with EL (electroluminescent), 
ac plasma, and LCD flat-panel dis- 
plays. Offering compatibility with 
IBM CGA, EGA, VGA, MDA, and 
Hercules graphics standards, the 
card supports maximum resolutions 
of 640 x 480 or 720 x 400 pixels. 

Medical, industrial-control, test- 
equipment, and other applications 
commonly require flat-panel dis- 
plays. Furthermore, designers are 
using personal-computer architec- 
tures more and more to get prod- 
ucts for such applications to market 
quickly. The Yamaha V6388 con- 
troller chip forms the basis of the 
graphics controller card. Based on 
volume and time-to-market require- 
ments, OEMs can choose between 
designing a graphics 
card with the chip 
or using the turnkey 
Display Master VGA 
ecard. 

In addition to han- 
dling the normal 1-, 
4-, and 8-bit displays, 
the Display Master 
VGA provides the 12 
bits of col or and inte- 
grated power supply 
to drive LCDs. An 
autoinitialization fea- 
ture ensures that the 
card is set up prop- 
erly before power is 
applied to a display. 


graphics modes of operations. The 
card can map display frames that 
require less resolution to utilize all 
or part of a 640x480 screen. Fur- 
thermore, the card automatically 
converts color information to gray 
scale on monochrome LCDs, and to 
hatching on EL, ac plasma, and 
monochrome CRT displays. 

An extensive manual included 
with the Display Master VGA de- 
tails specific card settings you can 
use with more than 50 popular flat- 
panel displays. DIP switch settings 
allow you to customize the control- 
ler card for display type. The 
graphics card costs $395. Delivery, 
60 days ARO.—Maury Wright 

Yamaha Corp of America, 981 
Ridder Park Dr, San Jose, CA 
95131. Phone (408) 437-3133. FAX 
(408) 437-8791. 
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The graphics con- 
troller supports al- 
phanumeric and full 


Compatibility with IBM VGA, EGA, CGA, and MDA software 
and the ability to drive many display types make the Display 
Master VGA suitable for industrial-control and test-equipment 
applications. 
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EDN SPECIAL REPORT 


Modem chip sets 


Maury Wright, Regional Editor 


Like all application-specific ICs, new modem chip sets 
have higher levels of integration and lower prices than 
last year’s models. Evolving modem chips also imple- 
ment features defined by the CCITT (International 
Telegraph and Telephone Consultative Committee) 
standards committees that considerably raise the state 
of the art for modems. Standard error-correction and 
data-compression techniques reliably increase data 
throughput by 200%, 400%, and more. New modulation 
and encoding schemes make high-speed communica- 
tions possible over lower- 
quality dial-up telephone 
lines. Available chip sets 
have begun to integrate 
data and fax functions, and 
the standards committees 
have started to bridge the 
two functions as well. 

Modulation and data-en- 
coding schemes determine 
the raw throughput a mo- 
dem offers. The box, “Data 
and fax communications de- 
pend on standards,” summa- 
rizes the CCITT V.XX stan- 
dards that define modula- 
tion and _ data-encoding 
schemes for data and fax modems. V.22 bis and V.32 
define key international standards for full-duplex data 
communications at 2400 and 9600 bps, respectively. 
V.27 ter and V.29 specify half-duplex communications 
used in fax machines at 4800 and 9600 bps, respec- 
tively. 


Modems feature DSP analog mix 


Chip manufacturers implement the basic modem 
function, including modulator/demodulator and en- 
coder/decoder, with a combination of analog circuits 
and DSP. Older modem chips, which communicate at 
less than 2400 bps, typically employ switched-capaci- 
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Advances in modem chip sets 
promise to make data- and fax- 
modem communications over the 
dial-up telephone network faster 
and more reliable. The chip sets 


now offer error-correction 
schemes and data-compression 
algorithms, and they use DSP to 
implement improvements in modu- 
lation and coding techniques. 


tor-filter circuits to implement virtually all of the mo- 
dem function. Available 2400-bps chip sets range from 
implementations with a heavy emphasis on analog cir- 
cuits to ones that use DSP for everything but a couple 
of filters, an A/D converter, and a D/A converter. Mo- 
dem chip sets that operate faster than 2400 bps all 
rely heavily on DSP. 

Dwight Decker, Rockwell Semiconductor Products’ 
director of data-modem products, points out that semi- 
conductor manufacturers can shrink the digital circuits 
more easily than the analog 
ones. Therefore, the digital 
approach leads to faster 
transitions to higher levels 
of integration and lower 
cost. DSP-based pPs also 
benefit from advancements 
in general-purpose proces- 
sors and therefore become 
faster and smaller, require 
lower power, and cost less— 
seemingly everyday. 

Modem chip sets must 
also carry the baggage of 
prior-generation products. 
V.22 bis 2400-bps products, 
by market demand, include 
backward compatibility with 1200- and even 300-bps 
standards. Before achieving widespread acceptance, 
9600-bps data modems will include fall-back capabilities 
all the way to 300 bps. Such backward compatibility 
ensures that a modem can connect with virtually any 
other modem, despite differences in modem capabilities 
and line conditions. 

Modem designs that use a simple general-purpose 
AFE (analog front end) and rely heavily on DSP essen- 
tially implement the modem function in software. 
Therefore, support for older standards requires noth- 
ing more than memory space in the modem design 
once the appropriate DSP algorithms are developed. 
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New modem chip sets use DSP to 
fax-modem functions. (Photo courtesy Exar Corp) 
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Analog approaches require 
different analog circuits for 
each different standard that 
a modem supports. 

Despite the promise DSP 
offers, don’t choose a mo- 
dem chip set simply because 
of labels for modem archi- 
tecture. Rather, choose a 
chip set based on your needs 
and such criteria as raw performance (the ability of a 
modem chip set to perform at full specified speed over 
noisy lines), level of integration (the chip count re- 
quired to implement a specific modem function), degree 
of flexibility (the degree to which you can add func- 
tions, and therefore value, to your modem design), 
price, compatibility (hardware and software compati- 
bility with target applications such as personal comput- 
ers and the industry-standard Hayes command set), 
time-to-market requirements, power requirements, er- 
ror-correction capability, data-compression features, 
and integration of data and fax modem capabilities. 

You have to judge the raw performance needed for 
your application. Unfortunately, you won’t find compa- 
rable specs from all the manufacturers that indicate 
how well a chip set performs over noisy lines. In gen- 
eral, however, modem performance has improved with 
new modulation schemes, despite increasing bit rates 
and a fixed-signal bandwidth. 


Chip sets offer integration tradeoffs 


Typically, you must make tradeoffs when considering 
level of integration, degree of flexibility, price, and 
compatibility. For example, Sierra Semiconductor 
Corp offers several 2-chip sets that implement a com- 
plete Hayes-compatible 2400-bps modem. The AFE 
chip includes the modulation capabilities. A controller 
chip implements adaptive equalization using DSP and 
includes the MHayes-command-set firmware. The 
5K0620 chip set costs as little as $51 (100), and you 
only need to add a DAA (data-access arrangement), 
which isolates the modem and phone line, to complete 
the modem. The chip set includes the UART required 
for Hayes compatibility and the 2- to 4-wire converter 
that interfaces with the DAA. 

Silicon Systems Inc takes a different approach. It 
targets flexibility with its designs. For example, the 
SSI 78K224 IC includes an AFE and a custom pP core 
with DSP routines in firmware. The IC costs $23.50 
(10,000), but you also need a microcontroller, the micro- 
controller software, a UART, and the DAA to fully 
implement the modem. The company supplies soft- 
ware, in source-code format, that allows you to imple- 
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Manufacturers of modem chip 
sets have used mixtures of 
analog circuits and DSP for low- 


speed modems, but modems 
faster than 2400 bps rely heavily 
on DSP. 


ment a Hayes-compatible 
modem with Intel microcon- 
trollers. If you need to add 
features to a modem’s capa- 
bility, you may find working 
with industry-standard In- 
tel microcontrollers prefer- 
able to Sierra’s proprietary 
controllers. 

Time-to-market require- 
ments may make modem chip sets an inappropriate 
route to follow completely. Companies such as Cerme- 
tek, Xecom, and Rohm offer off-the-shelf modules that 
include complete modem implementations. Modules 
provide the advantage of complete FCC approval. 
Also, claims Cermetek CEO Howard Raphael, modules 
make economic sense at volumes under 5000 units. 
Cermetek will provide custom modules in volumes as 
low as 500 units. 

Modem IC manufacturers have made significant im- 
provements in their chips’ power requirements, making 
them more suitable for portable and battery-powered 
applications. Sierra now offers virtually all of its chip 
sets in 5V-only versions. Intel’s new 89C024 V.22 bis 
2-chip set includes two power-down modes. The 5V- 
only chip draws 400 mW. The chip set employs Intel’s 
83C196 microcontroller, which has a standby mode, to 
reduce power consumption to 255 mW. The microcon- 
troller also has an idle mode, which shuts down the 
clock to the AFE chip and reduces power consumption 
to 1 mW. The chip set costs $32 (1000) and requires a 
256k-byte ROM in addition to a DAA to complete the 
modem function. 

Error correction and data compression are the most 
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The dual 320€25-base PHY-96 module from Phylon offers compatibility 
with data- and fax-modem standards at speeds as fast as 14,400 bps. 
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exciting new developments for modems. Error correc- 
tion implemented in modem chips eliminates overhead 
in throughput caused by error checking at the applica- 
tion-software level and eliminates retransmission of 
bad data. Data compression simply doubles or quadru- 
ples the effective bit rate that a modem offers. 


MNP offers error correction and compression 


Currently, manufacturers offer modem chip sets that 
comply with de facto standard MNP (Microcom Net- 
working Protocols) levels 2 to 4 for error correction 
and level 5 for a 2:1 data compression. Intel’s 89C024, 
for example, implements these protocols. The data- 
compression feature requires the addition of an 8k-byte 
static-RAM buffer to perform the compression opera- 
tion. Sierra adds MNP 2 to 5 capabilities to its chip 
sets by adding an additional processor, ROM, and 
RAM. Sierra plans to ship a chip set later this year 
with a single controller that handles normal modem 
and MNP functions. 

Exar Corp offers its $18.51 (10,000) V.22 bis modem 
that includes a DSP wP (a mask-programmed TI TMS 
320C10) and an AFE. An Intel microcontroller com- 
pletes the typical modem. MNP applications, however, 
require the use of the XR-24038 microcontroller, which 
raises the price to $25.97 (10,000). Also, you must add 
ROM and RAM to complete the MNP functions. You 
do receive added flexibility with the Exar chip set, 
however. Sophisticated OEMs could add customized 
code to the commercial DSP wP used in the chip set 
to add, for example, compatibility with new encoding 
schemes. 

You can see that MNP adds another factor to the 
integration, price, and compatibility tradeoffs. Though 
MNP capabilities have been around for several years, 
they’re just now gaining widespread acceptance. Un- 
questionably, they more than double effective modem 
bit rates. | 

A second set of error-correction and data-compres- 
sion standards offers even greater performance en- 
hancements. The CCITT V.42 recommendation defines 


The MNP 2 to 5 compatibility in Silicon Systems’ 73D2407 chip set can 
more than double the effective throughput of the 2400-bps modem. 
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an error-correction scheme that includes both MNP 2 
to 4 capabilities and the capabilities included in LAPM 
(link-access procedures for modems) adapted from IBM 
SDLC (synchronous data link control). Furthermore, 
V.42 bis defines a new data-compression scheme that 
offers a 4:1 compression ratio. A 2400-bps modem es- 
sentially operates at 9600 baud when equipped with 
V.42 bis. Likewise, a 9600-bps V.32 modem attains 
effective speeds of 38,400 bps. 

Technology licensing issues may slightly cloud the 
future of V.42 bis, however. IBM, Unisys, and British 
Telecom all hold patents that relate to V.42 bis technol- 


The Intel 89C024LT chip set, with its idle-mode capability and 1-mW power 
consumption, is ideal for battery-powered portable applications such as laptop 
computers. 


L 
+ 


ogy. CCITT requires that a company promise to license 


‘technology in a “fair and nondiscriminatory” manner 


before it adopts proprietary technology into a stan- 
dard. Currently, the three companies plan to charge 
$15,000 to $20,000 each for licenses. Modem-chip manu- 
facturers would prefer to negotiate licenses that in- 
clude a “pass through” to their customers. The custom- 
ers would prefer pass-through licensing as well. Unfor- 
tunately, the present proposal requires each manufac- 
turer of V.42 bis products, such as a modem board for 
a personal computer, to buy a license. By the time 
this article appears, industry sources say, these issues 
should be resolved. 


Chip set includes V.42 and V.42 bis 


Legislative issues aside, modem-chip manufacturers 
have proceeded to develop V.42 and V.42 bis chips, 
with Rockwell being the first manufacturer to an- 
nounce such a chip set. The RC2324AC includes MNP 
4 and \V.42 error correction and MNP 5 and V.42 bis 
data cumpression. The V.22 bis 2-chip set maintains 

Text continued on page 100 
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Data and fax communications depend on standards 


More than any other segment of 
the computer and electronics in- 
dustry, communications capabili- 
ties depend upon—in fact don’t 

work without—standards. Below 


are some key standards for data 


and fax modems, along with in- 
formation on the standards or- 


- ganizations. Beware, however. 


This list may very well be added 
to or otherwise changed by the 
time you read this article. 
Primarily, two organizations 
administer data- and fax-modem 
standards. Formerly part of the 
Electronic Industries Associa- 
tion, the TIA (Washington, DC 
(202) 457-4936) now handles mo- 
dem and other communications 
standards in the USA. The © 
CCITT administers modem and 
fax standards in Europe, and in- 
creasingly is being recognized as 
a worldwide bearer of communi- 
cations standards. It is part of the 
International Telecommunica- 


tions Union (Geneva, Switzerland 2 


(Phone 41 22 995111). 
Fortunately, TIA committees 
TR-29 (fax) and TR-30 (data) in 
the USA work closely with 
CCITT study groups abroad. The 
TIA committees essentially fun- 
nel the desires and opinions of or- 
ganizations in the US to the 
CCITT study groups. Further- 
more, some organizations in the 
US send delegates to CCITT 
meetings. And the TIA endorses 
and adopts appropriate CCITT 
recommendations (the CCITT 


term for standards) for use do- 


mestically. 
The CCITT publishes recom- | 
mendations in a series of books 


- once every four years. Each set 


_ of books has different colored 
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binders. The set published in 
1988 is blue; white ones will fol- 
low in 1992. Once a year the 
CCITT study groups also meet — 
and approve recommendations on 
an individual basis. “T”-series 
recommendations address “termi- 
nal equipment for telematic serv- 
ices,” including fax. “V”-series 
recommendations address “data 
communication over the tele- 
phone network,” including data 
modems. 

Unfortunately, standards prac- 
tices weren’t always so uniform 
internationally. Accepted US 
standards for 300- and 1200-bps 


asynchronous data communica- 


tions differ from CCITT recom- 
mendations. Furthermore, some 
published recommendations are 
used prevalently in some parts 
of the world but not in others. 


Fax-transmission standards 

T.4 (pronounced “T dot 4”) 
specifies 200-dpi fax-transmission 
capabilities commonly referred to 


as Group 3. The T.4 document 


references V.27 ter and V.29 to 
define modem speed and modula- 
tion. : : 

T.5 specifies Group 4 fax capa- 
bilities, which include support for 
400-dpi resolution and alternate 
page formats. T.5 provides for 
several transmission media, in- 
cluding ISDN (Integrated Serv- 
ices Digital Network), the public- 


switched telephone network, 


packet-switched public-data net- 
works, and circuit-switched pub- 
lic-data networks. T.5 adds sub- 
stantial complexity to simple T.4 
fax communications over dial-up 
lines. And, because of media 

incompatibilities among users, it 


may never become a mainstream 
technology. 

T.30 ECM (error-control mode) 
defines an enhancement to Group 
3 fax that provides a data-link- 


_ layer, error-control protocol. 


V.14 specifies a method to per- 
form character-asynchronous 
transmissions over synchronous 
interfaces. The V.XX standards 
for data modems reference V.14. 


Low-speed modem standards 


V.21 and Bell 103 specify 300- 
bps 2-wire full-duplex communi- 
cations using FSK (frequency- 
shift keying) modulation 
schemes. AT&T created the Bell 
103 specification during the days 
of telephone-system monopoly in 
the USA. The standards differ 
slightly, but virtually all of to- 
day’s modems support both stan- 
dards. Asynchronous modems 
based on these standards domi- 
nate applications worldwide for 
300-bps dial-up modems—such as 
personal-computer modems. 

_ V.22 and Bell 212A specify 
1200-bps 2-wire full-duplex com- 
munications using QPSK (quadra- 
ture-phase-shift keying) modula- 
tion schemes at 600 baud. The 
standards differ slightly, but vir- 
tually all of today’s modems sup- 
port both standards. Asynchro- 
nous modems based on these 
standards dominate applications 
worldwide for 1200-bps dial-up 
modems. 

_V.22 bis specifies 2400-bps 2- 
wire full-duplex communications 
using a QAM (quadrature ampli- 
tude modulation) scheme at 600 
baud. Asynchronous modems 
based on these standards domi- 
nate applications worldwide for 
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2400-bps dial-up modems. 

V.23 specifies an asymmetrical 
communication scheme that im- 
plements 1200-bps data transmis- 
sion in one direction and 75-bps _ 
data transmission in a back chan- 
nel. The FSK-based standard is 
popular in Europe for applica- 
tions that require high data rates 
in only one direction, such as 
Teletext. 

V.24 specifies a serial interface 
much like RS-232C. 

V.25 and V.25 bis specify inter- 
face protocols for modems similar 
to the command set Hayes Micro- 
computer Products (Atlanta, GA) 
/ employs i in its modems. 

 -V.26, V.26 bis, and V.26 ter 

Goccity half- and full-duplex 


| _ leased-line communications at 
1200 and 2400 bps. The specs em- 


ploy QPSK modulation at 1200 
baud. V.26 ter was the first mo- 
dem standard to specify echo can- 
cellation. 


High-speed modem standards 


V.27, V.27 bis, and V.27 ter 
specify 4800-bps communications 
requiring two wires for half-du- 
plex applications and four wires 
for full-duplex applications. The 
standards specify QAM modula- 
tion at 1600 baud. Group 3 fax 
standard T.4 references V.27 ter 
as the base requirement for 2- 
wire half-duplex fax communica- 
tions. 

_V.29 specifies 9600-bps commu- 
nication requiring two wires for 
half-duplex applications and four 
wires for full-duplex applications. 
The standard specifies QAM 
modulation at 2400 baud. Group 
3 fax standard T.4 references 
V.29 as an option for fax trans- 
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missions faster than 4800-bps 
V.27 ter. In reality, a high per- 
centage of fax transmissions to- 
day rely on V.29, although virtu- 
ally all machines can fall back to 
V.27 ter. 

V.32 specifies 2-wire full-du- 
plex 9600-bps communications us- 
ing QAM modulation at 2400 baud 
and echo cancellation. V.32-based 


- modems offer an upgrade path 


from V.22 bis for asynchronous 
dial-up applications. Recently 


V.32 Automode was published as 


an annex to V.32. The annex de- 
fines an automatic fall-back capa- 
bility to V.22 bis on noisy lines 
that can’t support 9600-bps com- 
munications. 

V.33 specifies 4-wire full-du- 


plex and 2-wire half-duplex com- — 


munications at 14,400 bps. Most 
likely, the Group 8 fax study 
group will modify T.4 this spring 
to include V.33 14,400-bps com- 


munications as an option. Like- © 


wise, you can expect manufactur- 
ers of full-duplex data modems to 
add echo cancellation and take ad- 
vantage of this spec. V.33 em- 
ploys TCM (trellis-coded modula- 
tion) at 2400 baud. 


Communications enhancements 


V.42 specifies error-correction 
techniques that can be imple- 
mented in modems independently 
of transmission speed and modu- 
lation scheme. The recommenda- 
tion includes LAPM and MNP 2 
to 4 (Microcom Networking Pro- 
tocol) methods of error correc- 
tion. 

V.42 bis and MNP 5 specify 
data compression algorithms that 
can be implemented in modems . 
independently of transmission 


speed and modulation scheme. 
MNP 5 has not been recognized | 
by standards organizations but — 
has become a de facto standard — 
for data compression that offers : 
a 2:1 compression ratio. V.42 bis © 
offers a 4:1 compression ration 
and products that implement the 
standard are starting to emerge. 

_ V.54 specifies loop back and 
other diagnostic functions for mo- 
dems. 

Several other potential devel- 
opments bear mention also. Fax 
study groups have worked on a 
standard for binary file transfers 
using a fax modem. Several — 


- manufacturers of fax boards for 
personal computers now offer 

proprietary methods of transfer- 

ring files at high speed. Ex 


Expect | _ 
formal approval of such astan- 
dard no later than next spring. __ 
Likewise, study peated tei 
discussed adding a provision for 
higher resolution to the T.4 fax 
standard. T.4 currently supports 
200-dpi resolution, and you can 
expect 400-dpi capabilities to be 
added no later than next spring. 
Unless you happen to be a 


member of a TIA committee or 


a delegate to CCITT study 
groups, you may have a hard time © 
tracking communications stan-_ 
dards. The Communications — 
Standards Review newsletter 
(Ref 1), published by Action Con- 
sulting, covers all pertinent activ- 
ity in domestic and international 
committees. You can also pur- 
chase copies of communications 
standards from Action Consulting 
(Palo Alto, CA (415) 856-8836). 


downward compatibility 
with lower-speed standards 
and offers compatibility 
with the asymmetrical V.23 
standard popular in Europe. 
Packaged in two _ 68-pin 
PLCCs (plastic leaded chip 
carriers), the chip set costs 
$35 (10,000). One of the chips integrates an AFE and 
DSP core. The other chip includes a microcontroller 
that implements the error correction and data compres- 
sion. You must implement Hayes compatibility for the 
chip set in another microcontroller. Rockwell also plans 
to sell the DSP/AFE chip as a stand-alone data pump. 

Silicon Systems has also developed, in conjunction 
with Hayes Microcomputer Products (Atlanta, GA), a 
modem chip set that supports V.42 and V.42 bis. Hayes 
has introduced a modem based on the chip set; Silicon 
Systems intends to sell the chips as well. Sierra, Exar, 


Compatibility with T.30 ECM allows Rockwell’s R96DFX Monofax chip to 
correct transmission errors and therefore produce higher-quality fax images. 


and Intel all plan to have V.42 bis chip sets available 
after midyear. In general, expect the new chip sets 
to use more powerful microcontrollers, more buffer 
RAM, and more ROM than their MNP 5 cousins. 

Techniques such as MNP 5 and V.42 bis may slow 
the industry transition from 2400- to 9600-bps prod- 
ucts. Currently, only Rockwell offers V.32 9600-bps 
chip sets for data communications. Still, prices to the 
end user for 9600-bps modems have dropped below 
$700, and the downward trend should continue. You 
can expect Sierra to introduce 9600-bps data modems 
in the first half of this year. In addition, Yamaha Corp 
may add data capabilities to its 9600-bps fax-modem 
chip. 

Fax-modem-chip manufacturers Rockwell and 
Yamaha offer 9600-bps chips that comply with V.29 
and V.27 ter. Furthermore, Toshiba and Hitachi re- 
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Achieving the lowest possible 
chip count for modem designs 


may necessitate tradeoffs in 
design flexibility and cost. 


cently introduced 9600-bps 
fax chips. Fax modems are 
inherently simpler than 
data modems because fax 
modems employ only half- 
duplex communications, 
whereas a 9600-bps data 
modem employs echo can- 
cellation to perform full-duplex communication over a 
single signal band. Group-3 fax modems also have 
fewer old standards to maintain compatibility with than 
do data modems. 

Rockwell’s newest 9600-bps fax chip, the R96DFX 
Monofax, requires no external components to support 
HDLC (high-level data-link control) framing and 
DTMF. The device costs $48.50 (10,000) and is pack- 
aged in a 64-pin quad-in-line package. The chip also 
supports the new ECM (error-correction method) de- 
fined in T.30 for fax communications. The R9I6DFX 
can directly replace earlier Monofax chips. 

Rockwell long had the fax-modem-chip business to 
itself. Now, however, Yamaha is gaining in market 
share since introducing its YM7109 9600-bps fax mo- 
dem chip. The IC includes both a DSP core and an 
AFE; it sells for $38 (10,000). The chip operates from 
a 5V supply and only consumes 180 mW of power. 

Yamaha has had particular success selling the 
Y M7109 into the fax-board market. An OEM can manu- 
facture a nonintelligent fax board for the IBM PC for 
less than $60. Some Yamaha customers sell such fax 
boards to end users for less than $200. Later this year, 
expect more fax-modem chips from Yamaha that in- 
clude features such as power-down modes, T.30 ECM 
support, and more integrated features for fax-machine 
applications such as a scanner interface. 


Fax modem offers 14,400-bps transfers 


Rockwell, meanwhile, has upped the ante with a 
chip set that supports fax communications at 14,400 
bps. The 5-device set complies with V.38, and you can 
expect the T.4 Group-3 fax spec to add V.33 as an 
option this year. Expect prices for the chip set in the 
$200 (10,000) range. 

Fast and reasonably priced fax-modem chips have 
spurred interest among users that need faster data- 
communication speeds. Study groups in the TIA (Tele- 
communications Industry Association) and CCITT are 
considering adding a protocol for binary file transfers 
to fax standards. The half-duplex fax communication 
scheme could be turned around using a “fast train” 
capability and offer pseudo full-duplex communications. 
Another option might use a 300-bps back channel to 
establish asymmetrical communications. 
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1-800-735-6200 | 


Component Solutions For Your Power Systems 
23 Frontage Road, Andover, MA 01810 
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The line between fax and 
data modems is growing 
increasingly thin. Several 
companies offer or soon plan 
to offer chip sets that imple- 
ment data and fax communi- 
cations. Rockwell currently 
offers a bundle of data and 
fax chip sets integrated to- 
gether. Sierra offers a data-modem chip set with 4800- 
bps fax-send capabilities. Sierra will up the fax-send 
capability to 9600 bps and later this year will add full 
send/receive capability. 

Exar wins the race to introduce a highly integrated 
combination fax- and data-modem chip set. Its XR-2900 
2-chip set includes a 40-pin DSP-based chip and a 48-pin 
combination analog/digital chip that includes A/D, D/A, 
and filter functions. The chip set costs $27.33 (10,000) 
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V.42 bis promises to boost data 
rates by a factor of four, but li- 


censing issues may delay wide- 
spread acceptance of the data- 
compression standard. 


and requires a separate mi- 
crocontroller for stand-alone 
operation. The chip set of- 
fers compatibility with V.22 
bis and slower data commu- 
nications. It includes sup- 
port for V.29 and V.27 ter 
fax communications. Other 
features include a DTMF 
generator, remote and local test facilities, and auto- 
matic adaptive equalization. Exar plans to offer MNP 
2 to 5, V.42, and V.42 bis support for the chip set. 
The company can also support capabilities such as bi- 
nary file transfers at 9600 bps using proprietary proto- 
cols now and standard protocols when defined by 
CCITT. 

One company, Phylon Communications, has gone one 
step further in terms of function—if not in terms of 
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"Voice Capability 
ina FAX Modem Chip 
from YamahaLsi!" 


"Now We're 
Talking!" 


Smart PCs and FAX machines are spreading the word. 
Because now they can have complete voice recording and 
playback capability! Easily. And quickly. With Yamaha's 
YM7109 FAX Modem chip and FAXSIM ™ software. 


The YM7109 gives designers a voice/FAX solution in a 


single chip. It provides a complete send/receive 9600bps lt includes all the FAX 

Group 3 FAX Modem. Plus, 12-bit A/D and D/A converters modules, plus Bulletin Board 

sampling at 9.6k samples/second for high resolution voice Service using EIA Binary File Transfer/Bell 
processing. And voice quality that surpasses even today’s 103, and ADPCM for storing and playing back 
digital telephone systems. voice. The source code is available in Turbo C™ 
The YM7109 opens up a new world of applications. and makes integration a breeze. Letting you move 
A FAX machine can answer phone calls and record from design to production fast. 


Beat the competition. Call us at 1-800-543-7457. 
We'll get your PCs and FAX machines talking. 
The possibilities are endless. 


YAMAHA 
But remember, those who get to market 


first — are the winners. That's where Systems Technology Division 
~ Yamaha’s FAXSIM software gives you a head start. 981 Ridder Park Drive, San Jose, CA 95131 


messages. APC can provide added utility 
as a FAX and telephone answering a 
machine. Or a FAX board can greet 

callers and send requested information. 


© 1990, Yamaha LSI, Systems Technology Division. Yamaha LSI, Systems Technology Division and the Yamaha logo are registered trademarks of Yamaha Corporation of America. FAXSIM is a 
trademark of Yamaha Corporation of America. Turbo C is a trademark of Borland Corporation. 
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integration level. Its PHY- 
96 Programmable Data 
Communications Module 
provides a glimpse into the 
future of communication 
chips. The module includes 
two TI 320C25 DSP pPs, 
a general-purpose AFE, 
ROMs, and other circuitry. The module measures 
82 x 100 mm and offers plug-in compatibility with 9600- 
bps modules offered by Rockwell. 

Phylon offers compatibility with all CCITT fax and 
data standards ranging from 300 to 14,400 bps. The 


denser memories eventually 
will replace dedicated appli- 
eation-specific ICs. And 
software companies will sell 
the key pieces to implement 
functions such as modems, 
voice synthesizers, and im- 
aging systems. 


Modems have become software 
products that execute on DSP 


wPs with fairly generic analog 
components. 
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module implements trellis coding at the 14,400-bps 
speed. The module costs approximately $200 (5000). 
The company builds a proprietary AFE, but is truly 
a DSP software company. Faster processors with 
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1 Intel Corporation 


Making quick decisions on the embedded 
processor architecture you'll need for 
today’s high performance applications 
can be a risky business. 

Making them for tomorrows can be 
downright dangerous. 

Now Intel's “Solutions960” program 
is taking the risk out of those decisions. 

A totally comprehensive program, 
“Solutions960” consists of a complete set 


of embedded products, development 
tools and application boards. 

And because this solution is so com- 
plete, it should come as no surprise that 
more than 200 design teams worldwide 
have already committed to the i960 archi- 
tecture for a host of different applications. 

With the industry's first Superscalar 
architecture, the 80960 family of fully 
integrated, 32-bit processors is able to 
process multiple instructions per clock 
cycle, so it can deliver up to 66 MIPS now, 
with a 100+ MIPS potential for the future. 

Combine all of that with a compre- 
hensive program of Intel support, as well 
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The 80960 KA, KB and MC (military version), all 
offer peak performance of 20 MIPS. The Super- 
scalar 80960CA delivers peak performance of 
66 MIPS. 


as over 70 ISV products offering multiple 
tool chains, and you end up with one of 
the richest development environments 
available today. 

Which means you can now safely 
design high performance applications 
that will be deliverable both today and 
tomorrow. 

For more information about 
Intel's “Solutions960” program call 
(800)548-4725, Literature Dept. #A9A4. 


intel 
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Because Zitel's System 93” is a proven solid-state memory subsystem for applications like data 
acquisition, E-beam, geoseismic, MRI scan and flight simulation. And lest we forget, radar processing, 
uplinks/downlinks or any other high-speed data transfer environment. 

Need to design speed? Zitel’s System 93 
is the fastest solid-state subsystem in the busi- 
ness. Read/write cycle times of 220 ns, interleaved 
cycle times of 55 ns. 

Need to design performance? System93 | | | — SPEED, sigrew_svagg 
is the performance leader in memory systems with s ay, 
data transfer rates of up to 640 Mbytes per second. 


Ok, so you've got a project that needs a quick and reliable 
memory subsystem that can accomplish the impossible. 
The first call you make is home. You're going to be a 
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Zitel Corporation is a public company traded on the NASDAQ NMS: ZITL. Zitel and System 93 are trademarks or registered trademarks of Zitel Corporation. 
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50 the next time you're asked to do the impossible, you know exactly where to turn. 

Zitel. The Data Acquisition E-Beam Flight Simulator Radar Processing Geoseismic MRI Scan Uplink/ 
Downlink High Performance Experts. 

spec in System 93. Maybe you won't get home that late after all. 
Call for your free book, “Designing fo 
Performance with System 93: 


Need to design reliability? System 93 is running 
strong in over 200 high performance applications. 


630 Alder Drive 
Milpitas, CA 95035 
(408) 946-9600 


: 800-622-5020 
Memories of the future (Qutside California 


oe 


Sasbons 
Mopnssaboon 
a 
sas 
Pana 
i 


CIRCLE NO. 71 


. — 


Sn 
SN 


SN 


r 


St 


Ip 
, piezo 


¥ 
& 
z 
3 
*4 
=] 
ss 
3 


Cr— 
i 
ee 
<—T 
i ee 
—_— 
<—L 
LJi_J 
=> 
CS) 
Lt 
— 
ee 
C2) 
— 
>) 
— 
> 
_l_ 
— 


, ch 


ipping. 


ip capacitors 
CIRCLE NO. 72 


ork with Kyocera and you'll find everything 
you need under one roof. 
tworks, clock oscillators 
Our reach is global, so we can handle your bigge 
Those are a few ways the lines at Kyocera help 


For the whole story, call 1-800-628-9779. 


We design and manufacture ch 


orders. But our focus is personal, so you have ou 
Instead of to the reject pile. 


undivided attention regardless of your company’ 
components keep your product moving out the door. 
you run faster — from shopping to sh 


transducers, hybrids, filters and more. 
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Nothing in computer design depends more on fuzzy 
factors, such as touch, feel, or shade, than the PC’s 


human interface. Yet no ingredients affect the 


PC’s utility more. A few standards exist for defining 
such human-interface factors as keyboard angle, key 


layout, and screen contrast, but these standards 
establish an ideal environment for that 
mythical person: the Typical User. 


esigning the human interface is the toughest 
job in computer design. Every computer user 
has a valid opinion regarding the touch and 
placement of a keyboard’s keys, the size and color 
of letters on the computer’s display, and the feel of 
the linkage between the computer’s mouse (or other 
graphics-input device) and the cursor on the screen. 
It is impossible for any one design to accommodate 


every user’s preferences, so computer designers must ~ 


compromise. PC-based workstations offer the best 
of all possible worlds regarding the user inter- 
face. A PC designer may standardize a com- 
puter’s design around one keyboard, mouse, and 
display, but the PC’s flexible architecture al- 
lows each user to change any of these ele- 
ments for a more harmonious work envyi- 
ronment. Because computers are sup- 
posed to enhance your ability to work, ‘ 
this flexibility is a key advantage for the 
PC-based workstation. 

Selections made for the human-inter- 
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face components of EDN’s All-Star 
PC reflect my own preferences. As 
a long-time microcomputer user 
whose experience predates the in- 
troduction of IBM’s original PC, 
Ive developed habits that the “av- 
erage” or “standard” PC’s user 
interface simply can’t satisfy. No- 
where is the need for selection 
by personal preference more appar- 
ent than in the selection of the All- 
Star PC’s keyboard, a Honeywell 
101RX438-12E. I evaluated several 
PC keyboards before selecting 
Honeywell’s. Keyboard characteris- 
tics important to me include key 
placement and_ size, keystroke 
length, and tactile feedback. 

Microcomputer users that started 
with RS-232C terminals expect to 
find the Control key next to the A 
key. Yet the standard 
PC/AT keyboard places 
the Caps Lock key in that 
location and consigns the 
Control key to the lower- 
left nether regions of the 
keyboard. Honeywell’s 
keyboard is configured 
for the standard PC/AT 
placement, but the com- 
pany also provides two 
key caps and a DIP 
switch on the back of the 
keyboard that allow you 
to switch the Control and 
Caps Lock keys (Fig 1). 
Individual users need 
that kind of flexibility. 
After all, there is no com- 
pelling reason why a com- 
puter cannot adapt to the 
user instead of the other 
way around. 

The function keys are 
another example of key- 
board-design elements 
that demand flexibility. 
IBM arranged the 10 
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function keys on the original PC 
keyboard in two columns running 
down the keyboard’s left side. Many 
users, who first learned to use a 
computer by working with IBM’s 
original PC, developed typing skills 
that included single-handed, 2- and 
3-key chords combining the Shift, 
Alt, and/or Control keys with the 
10 function keys. These users were 
disappointed when IBM moved the 
function keys on its PC/AT key- 
board to a single row along the top, 
making those keyboard skills obso- 
lete. Third-party keyboard vendors 
used that customer disappointment 
aS an opportunity to sell add-on 
equipment and introduced PC/AT 
keyboards that retained the original 
double-column arrangement. 
However, I prefer having the 


Only a few components comprise a PC’s human interface, but the key- 
board, the mouse or digitizer, and the display card and monitor can 
make or break the computer’s value. (Photo courtesy Hewlett- 
Packard Co) 


function keys across the top be- 
cause I never developed those chor- 
ding skills. My initial experience 
with function keys was on RS-232C 
terminals with the function keys 
across the top of the keyboard, like 
the “new” PC/AT arrangement. PC 
users can obtain keyboards that po- 
sition the function keys either way. 


Many different returns 


Similarly, PC keyboards sport 
various types of return (Enter) 
keys. Some, like the original PC’s, 
are unreasonably small; some look 
like an inverted letter “L” and re- 
semble the return key on IBM’s Se- 
lectric typewriters; and still others, 
among them the Honeywell 
101RX48S-12E, have extra-large 
return keys for fumble-fingered 
typists like me. Other 
models in  Honeywell’s 
101RX_ keyboard series 
have the inverted-L or 
small-size return keys, 
thus satisfying all prefer- 
ences. 

Obviously, PC users 
have a wide choice of key- 
boards, thanks to third- 
party manufacturers and 
the PC’s de facto stand- 
ard keyboard interface. 
Because the PC enjoys 
large sales volumes in the 
business market, you can 
pick from dozens of key- 
board designs from sev- 
eral vendors with a range 
of key placements, sizes, 
and tactile feels. You can 
also find keyboards that 
incorporate graphics-posi- 
tioning devices such as 
mice, trackballs, and fin- 
ger digitizers. PC-based 
workstations do not force 
the user to type on the 
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keyboard selected by the worksta- 
tion’s designer. Other computer 
workstations don’t offer this advan- 
tage because their low sales vol- 
umes do not encourage keyboard- 
replacement offerings from third- 
party vendors. 

EDN’s All-Star PC doesn’t use a 
keyboard with an integral-position- 
ing device because that configura- 
tion would reduce some of the sys- 
tem’s flexibility. By keeping the 
keyboard and positioning device 
separate, you allow your choice for 
each to be made independently of 
the other. Some users prefer mice, 
others like pen-and-pad digitizers, 
and some prefer trackballs. Even 


for one user, different applications. 


may work better with different 
types of pointing devices. Mice 
make poor digitizers, but digitizers 
themselves may consume too much 
desk space for constant use. Even 
within a class of pointing devices, 
users have different preferences. 
Take mice, for example. Apple 
Computer would have you believe 
that all mice should have one but- 
ton. Yet other companies sell 2- and 
3-button mice, and at least one com- 
pany sells a mouse with an entire 
keyboard built in. Which design is 
right? That depends on the applica- 
tion and the user. Once again, the 
choices available in the PC market- 
place give you the most flexibility. 
I prefer mice over trackballs and 
digitizing pads, so the All-Star PC 
uses a mouse for graphics input. PC 
mouse selection involves choices be- 
tween mechanical, optomechanical, 
and optical versions with two, 
three, or more buttons. EDN’s All- 
Star PC employs the optical PC 
Mouse II from Mouse Systems 
Corp. I like optical mice because of 
their feel and reliability. They have 
no moving parts and consequently 
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don’t fill up with dirt or lint and 
then stop working. Many people 
reject optical mice because they re- 
quire a gridded mouse pad for op- 
eration and the pad consumes desk 
space. These same people often put 
a rubber mouse pad on their desk 
to improve traction for their me- 
chanical mouse. Either way, me- 
chanical or optical, the user—not 
the PC designer—can make the 
most suitable choice. 


The PC’s Darwinian displays 

The range of choices that PC dis- 
plays exhibit is also wide, but for 
evolutionary reasons rather than 
convenience. Since its introduction, 
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the PC’s standard graphics displays 
have evolved from the hopelessly 
crude CGA (color graphics adapt- 
er), which is suitable for playing 
low-resolution video games, to the 
VGA (video graphics array), which 
is adequate for design work. The 
standard VGA resolution of 640 x 
480 pixels certainly supports ac- 
ceptable CAE displays, and the ex- 
tended VGA modes, which some 
vendors’ cards now support, gener- 
ate 800x600- or 1024 x 768-pixel 
displays and bring parity between 
PC and workstation screens. 
However, all of the standard PC 
graphics cards including the VGA 


Fig 1—Conventional PC/AT keyboard layout places the caps-lock key next to the letter “A” 
key and banishes the control key to the lower-left corner of the keyboard (a). Honeywell’s 
101RX43S-12E PC-compatible keyboard allows you to exchange the positions of these two keys 
(b), making the keyboard less compatible but easier to use. 
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family suffer from a common failing: 
they’re all dumb bit maps. The PC’s 
CPU must paint every dot on the 
screen, one pixel at a time. Further- 
more, the bit-map orientation of the 
PC’s graphics-display cards has sty- 
mied the development of device-in- 
dependent PC graphics. Two prom- 
ising candidates to overcome these 
shortcomings are IBM’s 8514/A and 
Texas Instruments’ TIGA (Texas 
Instruments Graphic Architecture). 
Both of these designs employ dis- 
play-list processing. An image to be 
displayed is stored as a list of 
graphics elements (such as lines, 
arcs, and polygons); the intelligent 
graphcs card reads the display 
lists, clips the graphics elements to 
fit the screen, and then plots the 
resulting pixels on the display. 
Thus, an intelligent graphics card 
can perform zooms and pans with- 
out burdening the host CPU. For 


software written to take advantage 
of a graphics processor, the per- 
formance boost can be tremendous. 

IBM’s 8514/A graphics adapter 
card promises to become a de facto 
standard through the same mecha- 
nism that made the PC itself a stan- 
dard: IBM’s clout. Many companies 
have copied and improved upon PC 
products first introduced by IBM, 
but IBM didn’t publish documenta- 
tion for the 8514/A’s hardware. In 
fact, it warned other companies 
that it might change the 8514/A’s 
hardware design at some future 
time and asked software vendors to 
use the 8514/A’s software interface, 
called the AI (adapter interface), to 
draw on the screen instead of writ- 
ing directly to the 8514/A’s hard- 
ware. 

However, many PC-software 
vendors discovered that the 8514/ 


A’s AI was slow, so they bypassed 
the software interface and went 
straight to the display card’s hard- 
ware. Accordingly, hardware ven- 
dors who wished to copy IBM’s 
8514/A display adapter reverse- 
engineered the board’s hardware 
interface and settled on a common 
set of register-based specifications. 
These reverse-engineered specs 
freeze many elements of the 8514/ 
A’s design including the display’s 
resolution and pixel depth, the in- 
terlaced scanning mode that IBM 
selected (which can produce flicker- 
ing images), and most importantly, 
the display adapter’s drawing com- 
mands. 


Extensibility holds promise 


IBM’s 8514/A display adapter 
incorporates a wP, so it is an in- 
telligent-graphics-display adapter. 
However, it is not programmable; 
its graphics routines are hard-coded 
into ROM, and its command set sup- 
ports only one fixed resolution— 
1024 x 768 pixels. On the other 
hand, TIGA display boards based 
on Texas Instruments’ 340 series of 
graphics ~Ps support many resolu- 
tions because TIGA’s command 
set specifies resolution-independent 
graphics. TIGA also permits appli- 
cation-specific extensions to its 
command set for added perform- 
ance. TIGA-based display cards 
keep their graphics code in RAM 
to support that extensibility. The 
TIGA-based display cards’ range of 
flexibility makes them the right 
choice for the All-Star PC. 

The All-Star PC incorporates 
three display cards: a VGA card to 
ensure compatibility with most of 
today’s PC software, and two 
boards based on Texas Instru- 
ments’ 340 wP series to meet the 
needs of both today’s most ad- 
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vanced software packages and fu- 
ture software products. The All- 
Star PC doesn’t, however, use all 
three display cards at once. The 
Multisyne Graphics Engine from 
NEC Technologies provides a sin- 
gle-card solution by combining 
VGA functions with a 34010-based 
graphics accelerator (Fig 2). NEC’s 
card incorporates 1M byte of video 
RAM and 768k bytes of program 
RAM for the accelerator. The card’s 
VGA section supports resolutions 
to 800x600 pixels. Its accelerator 
section generates a 1024 x 768-pixel 
image and displays as many as 256 
colors at one time. 

NEC supplies several software 
products with the board, including 
the direct graphics software stan- 
dard (DGIS) and GSS*CGI (Graphic 
Software Systems’ computer graph- 
ics interface), both developed by 
Graphic Software Systems (Beaver- 
ton, OR, (503) 641-2200). NEC also 
offers drivers for Microsoft Corp’s 
Windows 286 and 386, drivers for 
Autodesk’s Autocad 9 and 10, and 
an optional PC-Xview package, also 
developed by GSS, which trans- 
forms a PC equipped with the 
Multisyne Graphics Engine into an 
X-Windows-based Unix terminal. 


Speed problems rise again 

During initial system-integration 
attempts at Cheetah International’s 
R&D lab, the NEC Multisyne 
Graphics Engine exhibited two par- 
ticularly vexing problems. First, 
the VGA section wouldn’t initialize 
properly more than half of the time. 
Second, the accelerator section 
didn’t always draw vectors cor- 
rectly during AutoCAD redraw op- 
erations. Cheetah’s engineers and 
I suspected that the 80486’s speed 
was causing these problems. As you 
recall, it wouldn’t have been the 
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Fig 2—With a VGA controller and a graphics accelerator on one board, NEC’s Multisync 
Graphics Engine provides multiple resources for display generation while consuming only one 


mother-board slot. 


first speed-related I/O problem for 
the All-Star PC Project. During the 
video initialization sequence (after 
turning on the power or resetting 
the PC), the Multisyne Graphics 
Engine produced a double-sized 
cursor on the display, and the com- 
puter booted (as indicated by the 
integral power-on self-test display 
on the Cheetah Gold 425 mother 
board), but nothing else appeared 
on the PC’s screen. The double- 
sized cursor indicated that the 
Multisyne Graphics Engine’s VGA 
section was improperly identifying 
the type of CRT monitor connected 
to the system. 

This problem sometimes occurs 
with autoswitching VGA cards, and 


we felt that the speed of the 80486 
code could cause a latent firmware 
bug to become a full-blown prob- 
lem. We conferred with the card’s 
designer at GSS and eventually ob- 
tained a new video BIOS ROM that 
fixed the problem. Chips and Tech- 
nologies Inc (San Jose, CA, (408) 
434-0600) designed the VGA chip on 
the Multisyne Graphics Engine and 
also supplied the video BIOS. Be- 
cause of the possibility of interac- 
tion between the VGA and mother- 
board BIOS ROMs, we discussed 
this problem with GSS (and thus, 
indirectly, with Chips and Tech- 
nologies) and Award Software. 
Award also supplied a VGA BIOS 
ROM for the Chips and Technolo- 
gies VGA controller chip, and that 
ROM cured the problem, too. 

The undocumented nature of the 
PC/AT bus indirectly caused the 
Multisyne Graphics Engine’s 34010- 
related bug. Fortunately, it was 
easy to squash. IBM gave the PC/ 
AT bus a handshake signal, called 
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I/O channel ready, so that slow I/O 
cards could stretch bus cycles. The 
Multisyne Graphics Engine asserts 
this signal asynchronously (without 
reference to the bus clock). The 
asynchronous nature of the card’s 
ready handshake sometimes threw 
the I/O bus state machine on the 
All-Star PC’s prototype Cheetah 
Gold 425 mother board into a meta- 
stable state, a condition that ap- 
peared as misdrawn vectors. Ron 
Sartore at Cheetah quickly found 
and fixed this problem by adding a 
synchronizing latch to the state ma- 
chine’s I/O-channel-ready input. 
The problems encountered with 
NEC’s Multisyne Graphics Engine 
illustrate the potential disadvan- 


tages of using any I/O card that 
combines two or more functions. If 
we had not been able to fix prob- 
lems with the card’s VGA section, 
we couldn’t really have used the 
graphics accelerator portion except 
in a 2-monitor arrangement, a very 
unsatisfactory solution. However, 
the Multisyne Graphics Engine now 
provides EDN’s All-Star PC with 
an efficient combination of a VGA 
and an advanced graphics-display 
controller. 


Two cards deliver more power 


I also experimented with a 2-card 
graphics solution in the All-Star PC 
by teaming a VGA card with a 
34020-based TIGA controller board 


(Fig 3). Because this design ap- 
proach uses enough circuity for two 
pe boards, both the VGA and TIGA 
sections could include more capa- 
bilities than the corresponding sec- 
tions on NEC’s card. A VGA/NTSC 
recordable video card from US 
Video provides standard VGA func- 
tions. This card features a 16-bit 
bus interface for maximum per- 
formance. In addition, the board 
sports a 3-position switch that al- 
lows you to change its video timing 
from normal VGA frequencies to 
NTSC frequencies. When switched 
to NTSC, the video card generates 
a standard RS-170 color TV signal 
so you can display VGA graphics 
on standard TV monitors. You can 
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Fig 3—Using two display cards, you can obtain vast improvements in PC graphics. In this version of the All-Star PC’s graphics subsystem, a US 
Video VGA/NTSC recordable video card delivers PC-compatible displays with resolutions to 1024 x 768 pixels, and a Hewlett-Packard IGC 20 
graphics accelerator provides high-speed, intelligent graphics. 
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also record this signal on any stan- 
dard US videocassette recorder for 
later playback. 

IBM’s CGA card for the PC also 
had a video-output jack that could 
display a color picture on a standard 
TV, but with only 200 lines of reso- 
lution. US Video’s NTSC record- 
able video card can display more 
than 400 lines on a conventional 
television monitor. (Note that most 
US TV sets cannot display VGA’s 
full 480-line resolution.) With the 
addition of a daughter card, the US 
Video controller can synchronize 
the PC’s graphics with an incoming 
video signal, a feature called 
genlock. Recordable VGA graphics 
with genlock capabilities help media 
moguls create dandy animated 
video productions, but the reason 
the All-Star PC has a US Video 
card is an engineering one. It’s not 
merely a frivolous addition. 


Engineering with videotape 
Consider a test setup with a PC 
controlling the test apparatus and 
displaying the important test re- 
sults using VGA graphics. The 
genlock/VGA_ video combination 
and a TV camera allow you to su- 
perimpose the test data on the im- 
age of your experiment and record 
the composite image on a VCR for 
later review. The superimposed 
test data would automatically be 
time-correlated with the recorded 
image of your experiment on the 
video tape. A T160 VHS cassette 
allows you to record eight hours of 
an unattended experiment, and you 
can review these results at your lei- 
sure. Like many engineers, I have 
conducted several experiments that 
required all-night stays at the envi- 
ronmental test chamber, just in 
ease the prototype stopped work- 
ing. If a design failed, I had to know 
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when it failed and what the tem- 
perature was when the failure oc- 
curred. This video setup would 
have allowed me more pleasant eve- 
nings. You can also use this same 
videocamera/VGA combination to 
document assembly procedures or 
make training tapes. 

US Video’s VGA/NTSC record- 
able video card certainly enhances 
the capabilities of today’s PC soft- 
ware, but some of today’s and many 
future software products will re- 
quire intelligent graphics process- 
ing. Hewlett-Packard supplied the 
All-Star PC with a 34020-based In- 
telligent Graphics Controller 20 
(IGC 20) display card for just such 
high-end graphics needs. The IGC 
20 incorporates 2M bytes of video 
RAM and 3M bytes of RAM for the 
card’s operating program and for 
the graphics-display list, respec- 
tively. In this configuration, the 


IGC-20 can display 1280 x 1024- or 
1024 x 768-pixel images with 256 
colors. 

The 32-bit 32020 wP and 5M bytes 
of memory consume the entire IGC 
20, leaving no room for a VGA con- 
troller on the board. Instead, the 
IGC 20 accommodates an external 
VGA card via a pass-through con- 
nector. You connect the output of 
a VGA card to the IGC 20’s pass- 
through input connector and then 
connect your monitor to the IGC 
20’s_ video-output connector. At 
power up, the IGC 20 links the 
pass-through and video-output con- 
nectors, passing any incoming video 
signals to the display. Only when 
you activate the IGC 20’s TIGA 
functions does the card assume con- 
trol of the video-output connector. 

This configurability permitted 
experimentation with two different 
2-board configurations. You can 
connect either the VGA/NTSC re- 
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cordable video card or NEC’s 
Multisyne Graphics Engine to the 
IGC 20’s pass-through input connec- 
tor. Both of these configurations 
provide VGA functions, and the 
second configuration jams two dif- 
ferent graphics accelerators into the 
All-Star PC. The IGC 20 conveys 
the Multisyne Graphics Engine’s 
high-resolution video signals just as 
easily as the VGA signals. Although 
you can only use one accelerator at 
a time, the flexibility of the pass- 


through arrangement is apparent. 


Balancing cost and resolution 


The All-Star PC requires a very 
capable display monitor because it 
incorporates so much graphics-proc- 
essing power. Because PCs now 
support several different display 
formats (CGA, EGA, and VGA, 
just to name a few) and because of 
the addition of a 1024 x768-pixel 
resolution to this display menag- 
erle, only a multifrequency monitor 
could meet the All-Star PC’s dis- 
play requirements. I tried three 16- 
in. multifrequency monitors, which 
all worked well. Once again, how- 
ever, selections were based on pref- 
erence rather than specifications. I 
picked the NEC Multisyne 4D 
monitor because I like the way it 
displays text and I relish its simple 
operating controls. The Multisyne 
4D displays images with resolutions 
to 1024 x 768 pixels, and because it 
is an analog monitor, it can display 
a continuous range of colors. 

Note that the Multisyne 4D can’t 
display the output of the IGC 20 in 
its highest resolution. You may 
wonder why the All-Star PC uses 
the IGC 20 at less than its maxi- 
mum resolution. First, there’s a big 
price jump between monitors that 
can display 1024 x 768-pixel images 
and monitors that operate at higher 
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resolutions. Those higher-resolu- 
tion monitors generally employ 19- 
in. CRTs and consume a tremen- 
dous amount of desk space. Fur- 
thermore, my experience with CAD 
and CAE systems, acquired as a de- 
sign engineer at Cadnetix Corp 
(now Dazix) in Colorado, taught me 
that a display with 1024 x 768 pixels 
is perfectly adequate for CAD and 
CAE applications and for graphics- 
user interfaces. 

The NEC Multisyne 4D com- 
pletes the All-Star PC’s user inter- 
face and its complement of hard- 
ware components. It’s time for the 
7th-inning stretch. The last two ar- 
ticles in EDN’s All-Star PC series 
will discuss the project’s software 
entourage. EDN 


References 


1. Conner, Margery S, “Processors 
for 3-D graphics,” EDN, March 30, 
1989, pg 97. 

2. Conner, Margery S, “Add-in 
graphics boards available for three ma- 
jor buses,” EDN, July 20, 1989, pg 114. 

3. Conner, Margery 8S, “Graphics en- 
gines,” EDN, March 4, 1987, pg 97. 

4. Mosley, J D, “VGA chip sets,” 
EDN, March 17, 1988, pg 118. 


Sculpture by Kathy Jeffers/Sculpture Photog- 
raphy by Chris Vincent. Photography by Steven 


Leibson unless otherwise noted. 


Article Interest Quotient 
(Circle One) 
High 512 Medium 513 Low 514 


EDN April 12, 1990 


PICO 


Miniaturized 


POWER 
INDUCTORS 


DELIVERY — 
STOCK TO 
ONE WEEK! 


Ss 


Over 90 PICO standard Power 
Inductors meet Noise, Spike 
and Power Filter Applications 
in Power Supplies, DC-DC 
Converters and Switching 
Regulators. These units cover 
the inductance values from 20 
millihenry to 10 microhenry with 
DC currents to 19 Amps. 


e Minimum possible size 
e Meets MIL-T-27E (TF5S042ZZ) 
e Special high frequency core 
material to insure low losses 
e All units have split windings 
e Large selection of 
sizes available 


PICO also manufactures over 500 
standard DC-DC Converters and over 
2500 Miniature Transformers. 


Delivery— 
stock to 
one week 


PICO 


Electronics, Inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 


IRCLE NO. 9 
125 


126 


No matter what 
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up—consistently exhibit Mil- 
equivalent electrical characteristics. 
And you can enhance performance even 
further with a choice of 50 ohm or 
75 ohm versions. 

Our product offerings cover the 
spectrum, pushing performance on out 


to 26 GHz. And they do And with AMP, you get 


it time after time, with the broadest selection 
unbeatable consistency. available anywhere, in 
All the while saving every range. From cable 


to bulkhead and panel, nght 
own to the board—and now 
including custom and semi-custom 


high-speed coax and transmission 
cable assemblies. And our field and 


you time—on the 
line or in the field—with 
proven crimp/seal technology. 
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production tooling is second to none 
in dependable, repeatable terminations. 

all 1-800-522-6752 for technical 
literature on AMP RF connectors, or for 
the name of your local AMP Distributor. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 
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IGH-SPEED 
HADING 
ROCESSOR 


“But whats in it for us today?” | 
‘A full line of embedded controllers for our 

integrated systems, which means we can 

drop man-years of software development.’ 

“You mean we can do it all with hardware, 

and achieve orders of magnitude 

greater performance?” | 

“Yes, this is what we have been looking for. — 

When can we get started?” _ 

“I've got Toshiba here today!” 


It’s true. With Toshiba’s highly integrated line of embedded controllers, you 
won’t have to rely on slow, memory-hungry software routines any more. Instead, a 
single embedded chip implements complex algorithms. The result—a system 
running at least an order of magnitude faster than even optimized software 
routines. 

This advanced line-up of embedded controllers is a product of Toshiba’s lead- 
ership in CMOS technology. Each offers a single chip embedded solution to a 

‘specific application. All provide significant advantages in system speed and 
throughput over other products on the market. And they provide a higher level of 
system integration. 

If you're designing laser or print-shop quality printing systems, for instance, the 
TC8SIIF Font Graphics Accelerator (FGA) provides the full set of font rasterizing 
algorithms. For everything from common fonts to the most demanding graphics 
characters. Rasterizing is conducted with algorithms for Bezier curves, straight 
lines, arcs and ellipses. = -_ 

The High-speed Shading Processor (HSP), on the ott er hand, provides for the 
smooth shading of 3-D or 2-D graphic displays. The solution is based on a Gouraud 
shading procedure, and is intended especially for PC and workstation displays. 

The Token Ring Controller (TRC) is an IEEE 802.5 based LAN controller 
utilizing token ring protocol. It also includes MAC operations, supports bridge 
functions, and is 16/4 Mbps software switchable as well. The TRC operates with a 
Toshiba BiCMOS media driver. _ _ 

For international standard communications, the ISDN protocol controller meets 
the CCITT basic rate interface recommendations. It is suitable for broad applica- 
tions such as digital telephone, facsimile, terminal adapter and other ISDN 
terminals. 

There’s a good deal more to tell you about these advanced embedded controllers. 
But we just don’t have the room. If you'd like technical literature for any of them, 
give us a call at 1-800-888-0848, ext. 517. We'll fill in whatever details you need. 
Service is our key component. _ 


In Touch with Tomorrow 


TOSHIB 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


© 1990 Toshiba America Electronic Components, Inc. Graphic Shading Image by Cadkey. 


MICHIGAN, Action Components Sales, (313) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, 
(316) 744-1229, R.W. Kunz, (314) 966-4977; MONTANA, Components West, (206) 885-5880; NEVADA, Elrepco, Inc., (415) 962-0660; NEW JERSEY, Nexus Technology, (201) 947-0151; NEW MEXICO, Summit Sales, 
(602) 998-4850, (505) 345-5003; NEW YORK, Nexus Technology, (201) 947-0151; NEW YORK (Upstate), L.D. Allen, (315) 437-8387: NORTH/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467-6319, (919) 851 -0010; 
NORTH/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594; OHIO, J.R. Thornberry, (216) 248-4995, (614) 792-5171; OKLAHOMA, MIL-Reps, (214) 644-6731; OREGON, Components West, (503) 684-1671; 
PENNSYLVANIA, Nexus Technology, (215) 675-9600, (Western), J.R. Thornberry, (412) 745-8441: TENNESSEE, Montgomery Marketing, Inc., (205) 830-0498; TEXAS, MIL-Reps, (512) 346-6331, (713) 444-2557, 
(214) 644-6731; UTAH, Straube Associates Mountain States, Inc., (801) 263-2640; VIRGINIA, D.G.R., Inc., (301) 583-1360; WASHINGTON, Components West, (206) 885-5880, (509) 922-2412; WEST VIRGINIA, 
D.G.R., Inc., (301) 583-1360; WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594: WYOMING, Straube Associates Mountain States, Inc., (303) 426-0890; CANADA, 
BRITISH COLUMBIA, Electro Source, (204) 888-2412; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 592-3214; QUEBEC, Electro Source, Inc., (514) 630-7486. 
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7 Our reputation precedes us! From 5 su 
_ than 40 countries worldwide, thousands 


expanding array of plotters, penless plotters, digitizers, recorders and supplies. 

The Graphtec reputation is one of building products that work well and last a 
long time. We earned that reputation the hard way, by delivering over 40 years 
of the best innovation, support, and after-sales service in the industry. 


One of the finest examples of Graphtec innovation is incorporated into our new 
1TM1110/1210 series of thermal plotters. These plotters are unique thanks to the 
world’s first single-substrate, large-format thermal head. The single head ensures 
a uniform, high-quality printout with superb 406 dpi (16 dots/mm) resolution. 

Hard copies can be made on three types of media: regular, thermal transfer and 


clear film. Also, RS-232C and Centronics interfaces come standard, as do GP-GL 
and HP-GL™ command sets. 


T™M1110 A1-size Thermal Plotter 


GRAPHTEC CORPORATION Mita 43rd Mori Bidg., 13-16, Mita 3-chome, Minato-ku, Tokyo 108, Japan Tel: (03) 453-0511 Telex: 02422687 (GRAPH-J) 


U.S.A.: American Graphtec, Inc. Tel:(714)261-7568 (800) 654-7568 Fax:(714)833-7568 Australia: Southern Graphtec Pty. Ltd. Tel: (02) 748-4888 Fax: (02) 748-4882 
Europe: Graphtec Europe GmbH Tel:(040)511-5059 Telex: 2165630 (GTEC D) United Kingdom: Graphtec (UK) Ltd. Tel: (0270)625-115 Fax:(0270)626-733 


“HP-GL is a trademark of the Hewlett-Packard Company. 
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Technology Feature—Part 2 


Specific optimizations 
adapt C to 
single-chip wPs 


The first part of this 2-part series contrasted how con- 
ventional C programs should work and how well single- 
chip wPs suit C. This part covers C extensions and 
optimizations tailored for specific single-chip wPs and 
. includes detailed programming tips for writing tight 
C programs. 


Charles H Small, Senior Editor 


Far more interesting than the routine optimizations 
outlined in the first part of this series are optimizations 
and extensions to C that target a specific single-chip 
wP. Compiler designers have devised stratagems for 
compiling C code for common single-chip Ps, such as 
the 64180 and Z180, the 8051, and the 68HC11. These 
stratagems cover extensions, setting up pointers, tak- 
ing advantage of »P-specific instructions, and altering 
C’s execution model to accommodate specific single- 
chip Ps. Once you find a compiler that has the features 
you require, you can take advantage of detailed pro- 
gramming strategies and tips to help you tailor your 
C programs to the dictates of single-chip Ps. 

Using a single-chip »P’s special instructions is the 
hallmark of a hard-working compiler designer (Fig 1). 
For example, Z-World’s C compiler has several fea- 
tures that exploit unique features of the 64180 and 
Z180 single-chip »Ps (both single-chip ~Ps have Z80 
cores). The compiler supports the 64180/Z180’s internal 
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bank-switching mechanism by automatically inserting 
bank-switching macros into your program where 
needed. It also assembles a small root program, which 
is necessary for bank-switching, into each page of the 
single-chip »P’s memory. 


Z80 to the core 


The company’s 64180/Z180 compiler has several ex- 
tensions, one of which is a special version of the #asm 
C preprocessor command called #entry. When you flag 
an interrupt routine with #entry, the compiler will 
generate code that saves all single-chip-~P registers 
upon entry and restores them upon exiting. The com- 
piler also has a special preprocessor declaration, 
#shared, for variables that need the protection of a 
critical-code lockout. 

In addition, the compiler speeds the execution of 
Boolean-logic operations, such as ANDs (&&) and ORs 
(), if they are operating on quantities such as F Fxxyrx 
or xxFFynx. The compiler takes advantage of faster 
instructions for 8-bit operations on half of the 64180/ 
Z180 single-chip »Ps’ 16-bit registers. Like many sin- 
gle-chip-~P C compilers, this compiler adds a byte data 
type for 8-bit math operations. 

The company’s 64180/Z180 compiler uses the 64180/ 
Z180’s special string-handling op codes for common © 
string-library routines and fast block-memory moves. 
It also uses the 64180’s hardware-multiply facility. 

Note that Z-World’s compiler is one part of an inte- 
grated environment that operates much like Borland’s 
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Using a single-chip Ps special instructions 
is the hallmark of a hard-working compiler 
designer. 


Turbo C or Microsoft’s Quick C. But instead of produc- 
ing code that runs on a personal computer, Z-World’s 
compiler compiles directly into the company’s ROM 
emulator, which plugs into your target system. 


8051 follies 


Some of the most powerful 8051 instructions are its 
bit operators. Therefore, as other 8051 compiler ven- 
dors have done, BSO/Tasking and Archimedes have 
added the bit data type to C as extensions. The compil- 
ers’ local optimizers use the 8051’s built-in Boolean 
processor to manipulate variables typed as bit (Fig 2). 

The companies’ 8051 compilers also have extensions 
to C for assigning variables to the 8051’s various mem- 
ory spaces, such as code, data, idata, and xdata. These 
types let you fix your program elements as code, as 
data in internal RAM in the high or low page, or as 
external data—both directly addressed and banked. 
Each 8051 memory area has its own instructions and 
instruction-execution speeds. Thus, the location of a 
variable has an effect on your program’s speed and size. 

With Intermetric’s 68HC11 compiler, you can con- 
sign program elements to the single-chip wP’s on-board 
EEPROM. 

Pointers are a unique and powerful feature of C. 
Using these single-chip-1P extensions, compilers can 
produce the shortest possible addressing sequences for 
pointers. For example, in an 8051, char idat *idat 


Fig I—The 6805, like all members of the 68xx family, has a special 
set of instructions for operations in the lowest memory page. In these 
code fragments, the C compiler has generated different instructions 
for i and j, which are below and above location 255, respectively. 
(Listing courtesy Byte Craft) 
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yields a 1-byte pointer, but char «dat *idat takes two 
bytes. Not all compilers use the same mechanism for 
assigning code and data to specific memory spaces and 
locations. Be sure that any compiler you choose can 
handle constructions such as «dat *( *idat af ])( void),. 
This statement sets up a pointer (dat) to a jump table 
(a[ ]) containing pointers (idat) to the entry points of 
functions. 

Although C handles pointers, it doesn’t know about 
interrupt vectors. BSO/Tasking’s 8051 C compiler, on 
the other hand, has an extension to C that lets you 
link an interrupt to a particular interrupt routine. 


Missing instructions 


Several 8051 instructions have no corresponding C 
operators. For instance, the roll instruction, RL, has 
no equivalent in C. The BSO/Tasking 8051 compiler 
contains several built-in functions you can use as nor- 
mal library function calls but which really expand into 
in-line code. For example, the _roll function, rotates 
the contents of a character object two positions (Fig 3). 

The Byte Craft C6805 C compiler for the 6805 pP 
uses artificial-intelligence “rules” to optimize pro- 
grams. These optimizations range from simple con- 
stant-lofting to manipulating the intermediate code to 
reduce either its size or temporary-storage require- 
ments. The company states that these expert-system 
rules are formal descriptions of 6805 programming ex- 
perience. Some of the rules come from in-house experi- 
ence, others from the company’s customers. 

About one third of the rules are specific to the 6805. 
For example, the compiler’s code generator knows that 
branches are shorter than jumps and that register 
transfers are quicker and shorter than loads. It also 
knows that arguments to some instructions may have 
0, 1, or 2 bytes. Consequently, the code generator tries 


Fig 2—Extensions to C let you use the 8051’s powerful bit operators. 
(Listing courtesy Archimedes) 
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to use the fastest and most compact instructions. For 
example, it uses the 6805’s bit instructions. And for 
operations using offsets from the index register, the 
compiler first checks the offset value and then employs 
the appropriate indexed instructions. Some C compil- 
ers would use a worst-case instruction indiscriminately. 

Okapi’s 68HC11 C compiler applies various assem- 
bly-code templates to the results, or “expression 
trees,” of its analysis of your C program. These tem- 
plates let the compiler apply different assembly-lan- 
guage sequences to the same C construct, depending 
on the context. For example, in the 68HC11, an assem- 
bly-language programmer can often use registers A 
and B in chained calculation to store intermediate re- 
sults. Using templates, the compiler can treat registers 
A and B as separate registers in some instances and 
as a single 16-bit accumulator in others. 

Avocet’s 64180/Z180 C compiler substitutes a clear 
instruction for moving a zero into a register. If a pro- 
gram pushes an argument onto the stack and immedi- 
ately pops it, the compiler will use the Z80 exchange 


; 8051 C Compiler Version 1.0 Serial # 00000000 
(c) 1990 Tasking BV : 


tions: -Ms -s 


1 void 
2 main(void) 
3 £. 


unsigned char Cc; 


_Foi( c, #}} 


Fig 3—One way to make specialized 8051 instructions available 
to a C programmer is to have C functions that compile into macros. 
This example ferrets out the 8051 roll (RL) instruction. ( Listing 
courtesy BSO/Tasking) 
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instruction instead of pushes and pops. 

Note that not all single-chip pPs have special bit- 
field instructions. For the 64180/Z180 single-chip Ps, 
you might as well consign each bit variable to its own 
location rather than try to compress them all into one 
location. For these devices, the code necessary to ac- 
cess a bit in a bit field takes up more room than you 
save by using the bit field in the first place. 


Altering C 


Optimizing C compilers can alter C’s execution model 
to accommodate single-chip Ps. For example, Archi- 
medes’s compiler allocates all 8051 data statically in- 
stead of using temporary variables on the stack. Func- 
tion parameters and variables go in fixed locations in 
memory. When the program no longer needs a certain 
location, other parameters or variables can use that 
location. Thus, C programs can run on the 8051 without 
costly stack operations and without consuming any un- 
necessary RAM. 

The company charges its linker, rather than its com- 
piler, with assigning locations to variables. The reason 
the linker takes care of allocating variables is that only 
the linker can detect recursive calls, so only it can 
save variables that are still active. Thus, recursive 
programs can often use fixed variables. Recursion still 
demands some popping and pushing on the stack. 
Therefore, the recursive parts of the program have to 
run slower than the typical nonrecursive parts of the 
program. 

The Archimedes 8051 compiler keeps function-call 
return addresses on the 8051’s internal stack for maxi- 
mum speed. However, the 8051’s small internal-stack 
size limits allowable function nesting. If your program 
needs deeper nesting, setting a compiler “switch” (acti- 
vating or disabling a compiler option) enables the com- 
piler to swap return addresses from internal RAM to 
external RAM instead of overwriting the stack. If you 
keep the function-nesting depth below this threshold, 
function calls will still be fast. Remember, that in a C 
program, the 8051’s stack has many uses, including 
math support, expression evaluations, storing inter- 
rupt returns, as well as recursion. Not corrupting a 
stack that performs many different functions is a chal- 
lenging task for the compiler designer. 

Z,-World’s 64180/Z180 compiler has a number of non- 
standard preprocessor commands. For example, you 
can select different schemes for implementing the stack 
pointer. Also, the compiler has a C extension called a 
“subfunction.” This extension lets you define a simple 
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Optimizing C compilers can alter C’s 
execution model to accommodate single- 
chip wPs. 


operation as a subfunction and then call it from within 
another function. This compiler, in effect, gives you 
optional manual control over common-subexpression 
optimization. 

You cannot call one Z-World subfunction from within 
another subfunction because the subfunction call com- 
piles to only a simple call and return and does not use 
the complete, elaborate, C function-calling conven- 
tions. Using subfunctions, you can compress your pro- 
gram’s size at the expense of the added calls and re- 
turns. 

An efficient function-call mechanism is crucial to the 
speed of any C system. With statically allocated local 
variables, functions require no complex entry se- 
quences. By using registers efficiently, the compiler 
also saves a few precious bytes. In addition, a compiler 
can speed interrupt handling if it saves only the regis- 
ters that an interrupt routine is going to use (Fig 4). 

For a program to have some of the advantages of 
static data but retain re-entrancy, the Z-World 64180/ 
Z180 compiler supports a register data type. The com- 
piler really assigns each register item to a 16-bit static 
memory location, not a pP register. To retain re-en- 
trancy, the compiler saves all the register locations on 
the stack upon function entry and restores them from 
the stack upon exit. This scheme guarantees that the 
function can call itself, or be called from a higher- 
priority interrupt routine, while it’s executing. The 
scheme, yet another deviation from C’s execution 
model, protects the function’s current state because 
the higher-priority function saves and restores all reg- 
aster variables. 

Note that in the case of a pre-emptive, multitasking 
system, this scheme could fail if two different tasks 


Fig 4—In this example, an 8051 compiler has decided it doesn’t 
have to save any registers when jumping to an interrupt routine. 
(Listing courtesy Archimedes) 
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use the routine. In this case, you must use true “auto- 
matic” variables. 

The preceding examples should have driven the point 
home that you cannot just blindly write C programs 
for a single-chip 4P. Even the most powerful optimiz- 
ing compiler, with an infinite bag of tricks, cannot 
correct a bad algorithm. Nor can a fast processor make 
up for a bad program design. In these cases, the most 
you can hope for from a compiler is that you’ll produce 


your bad program in record time. Never forget Small’s 


Second Law of Software: “You can write really bad 
code in any language.” 


Accumulated wisdom 


Some experienced C users would advise newcomers 
to simply get more memory if they’re getting a com- 
piler. Other, more helpful, gurus could provide a useful 
service to tyros. Only experienced C programmers 
could rate a compiler’s C extensions, function library, 
and support for essential ANSI C enhancements such 
as function prototyping. They could also examine how 
each compiler’s designer adapted C’s basic execution 
model to the peculiarities of your single-chip »P. Take 
advantage of the accumulated wisdom of these pro- 
grammers when choosing a C compiler for a single-chip 
yP. Also, Z-World can give you a C test program that 
the company claims will give any optimizing compiler 
a real workout. 

A single test of your compiler’s ability is only the 
beginning. You must always look at the assembly-lan- 
guage output of your compiler for each program you 
write. No matter how clean your program looks in C, 
you need to see how it looks to the single-chip pP. 
Here, you’re probably on your own. Compiler vendors 
don’t provide you with examples of how their compilers 
digest C programs. 

C gurus won’t help you either. Because gurus make 
a point of honor of writing as much of their programs 
as possible in C, they seldom soil their hands with 
assembly language. Many of them take pride in their 
ability to boil a C program down to a minimal, virtually 
unreadable form. They justify these C clots on the 
grounds that they are small and compact after compila- 
tion, too. Such may not be the case. 

Innocently invoking a perfectly ordinary C operation 
could balloon your code unnecessarily. Some C con- 
structs generate good code, some go supernova. For 
example, array indexes that aren’t a power of 2 gener- 
ate horrendous code compared with that generated by 
power-of-2 indexes. Multiplication is very costly in 
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most single-chip Ps. One of C’s specialties is pointers, 
but some single-chip wPs, such as the 8051, don’t han- 
dle pointers efficiently. 

Note that the assembly-language output of some 
compilers is easier to read than others. Most compilers 
assign nonsense names, such as V.1, V.2, V.3, to vari- 
ables in their assembly-language output. They assign 
these names within functions during compilation so 
that a function can have private use of the same name 
used in other, different functions. 

This practice makes the assembly language difficult 
to understand. Even if you track down the compiler’s 
name for the variable in the assembly code it produces, 
that name could change with every minor recompila- 
tion. Some compilers keep your original name but add 
a suffix when necessary for privacy. 


From choosing to using 


Software engineers have already solved many com- 
mon programming problems. A day or two spent going 
through journals and magazines can often save you 
considerable development time, execution time, and 
code space. The following is a collection of program- 
ming tips. 

Isolate your source code into modules and check the 
size of each module after compiling. That way, you'll 
be alert to any module that has become disproportion- 
ately large. 

If you use C in a disciplined way, you can write 
optimal programs. For example, in almost all C compil- 
ers, the pre- and post-increment operators, + + and 
— —, inform the compiler that it can use the processor’s 
fast incrementing and decrementing instructions. Us- 
ing these instructions instead of an add routine results 
in several times faster and smaller code, if your single- 
chip 1P has such instructions. 

C evaluates compound logical expressions for only 
as long as necessary to determine the final result. Put- 
ting test elements known to evaluate faster than the 
other elements in the test expression first often obvi- 
ates executing the rest of the expression needlessly. 
C stops testing as soon as an AND element tests false 
or an OR element tests true. 

You should avoid using the C ellipses construction, 
« ..”, for passing a variable number of arguments to a 
function. Using this construction hinders the optimizer 
because the function’s behavior is undefined. If you 
don’t use ellipses, the compiler can bypass the stack 
if the fixed number of arguments fits in available regis- 
ters. With the ellipses construction, the compiler has 
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no idea how many registers it might need to pass pa- 
rameters and, hence, has no choice but to pass them 
on the stack. 

ANSI C allows—but does not require—you to spec- 
ify types and numbers of arguments. Take advantage 
of these options. Otherwise the compiler can promote 
types—for example, an 8-bit to a 16-bit datum—when- 
ever it feels like doing so. 

To avoid a penalty in code size and speed, use static 
data variables wherever possible. For the 64180/Z180 
single-chip wPs, accessing static integer data requires 
only three bytes of code and 15 clock cycles. Accessing 
integer data on the stack requires six to eight bytes 
and 28 to 36 clock cycles. Also, avoid 32-bit operations 
with an 8051. 

Use the smallest memory model possible. For exam- 
ple, Z-World’s “compact mode” can save space at the 
expense of clock cycles. In the compact mode, the com- 
piler calls a single copy of a repeatedly used test rather 
than writing it inline each time it’s used. Further, 
accessing variables in memory consumes large amounts 
of time and space. Using the smallest memory model 
possible and the fastest-access variables in critical 
places is crucial. Archimedes compiler for the 68HC11 
lets you declare variables in the single-chip wP’s fast 
zero-page Memory. 

For large arrays, if most of the values fit into a 
smaller data type but some exceptional values exist, 
consider using the small data type for the bulk of the 
array and then testing for those exceptional, larger 
values. 

Watch out for slow instructions in your program’s 
critical path. For example, the 8051 has no support for 
signed math or the manipulation of variables other 
than char and bit variables. So even simple math on 
data types other than these executes more slowly. 

Bit fields conserve RAM space and create clear data 
structures, but they’re typically slower than arrays 
or bit variable types. For example, one bit variable of 
a set of 16 Boolean bit variables in a bit field will have 
a slower access time than one bit (in an otherwise 
unused byte) in an array of 16 chars. However, in the 
8051, which has hardware for manipulating bit vari- 
ables, access is an order of magnitude faster for a bit 
variable than for a bit field. 

The C preprocessor does basic math operations on 
constants, thus saving time and space at runtime. 
Avoid interspersing constants with variables in com- 
pound expressions so that the preprocessor can recog- 
nize groups of constants and combine them. For exam- 
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An efficient function-call mechanism is 
crucial to the speed of any C system. 


ple, using 7 = 1 + k + (CONST1 + CONST2) rather 
than 7 = 1 + CONST1 + k + CONST2 saves you one 
out of three calls to the add routine at runtime. You 
don’t need to sacrifice your program’s readability by 
combining constants into subconstants when the C pre- 
processor will do it for you. 


Function calls and loops 


Each function-calling procedure costs you a fixed 
overhead plus a roughly linear time increment for each 
parameter a calling routine passes to a called routine. 
Loops require extra comparisons for their iteration 
counters. By unrglling function calls and loops into 
straight-line code, you can trade increased speed for 
increased code size. For example, the Archimedes -s 
optimize-for-speed compiler switch unrolls function 
calls automatically, thus letting you maintain the read- 
ability of your code. Because macros have no call over- 
head, rewriting short functions as macros can also save 
time. | 

Use C’s pragma directive to gather up all nonANSI 
C extensions, so you can port your code to C compilers 
that don’t have the extensions. For example, the BSO/ 
Tasking 8051 compiler has a pragma command called 
vector/novector to control generating save/restore code 
for interrupt handling. If an interrupt-service routine 


does only internal data accesses, your main program 
need not save the 8051 data pointer. By specifying 
pragma novector, you must supply your own register 
save/restore handler, which could be smaller than the 
compiler’s. A smaller interrupt handler, in turn, lowers 
interrupt latency. 

One caveat concerning optimizers: You’ll need the 
highest grade of cross debugger to handle optimized 
single-chip-~P programs. To the extent that an op- 
timizer rearranges your code, it can also fool a symbolic 
debugger that’s trying to correlate what you have writ- 
ten in C with what is actually running on your target 
system. Therefore, some compiler vendors advise that 
you debug your code with the optimizer turned off and 
reserve optimizing as the last step. 

This dictum betrays the mind set of the conventional 
computer scientist. Remember that all conventional 
software-development tools ignore both time and code 
size. That is, computer scientists advocate writing 
high-level code, which is deliberately divorced from 
the processor’s physical reality, into bottomless files. 
A C source program provides not a clue of its actual 
size or speed in your target system. High-level-lan- 
guage programmers accept this situation as normal. 
But there’s something Kafkaesque about writing a pro- 
gram, which should, after all, completely and determin- 
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THE CONFIDENCE IT GIVES 
YOU IS PRICELES9. 


When you can't afford to miss 
a thing, get the new 2232 
digital storage oscilloscope 
from Tek. 

The 2232 is a 100 
MHz, 100 MS/s digital- 


plus-analog scope that can detect glitches down to 10 nano- 
seconds at any sweep speed. As a result, it exposes random 


events and transient phenomena that elude comparable 


instruments. 

And it’s at home in applica- 
tions ranging from digital- 
system design to medical 
equipment service. 

You also get features like 
trigger-level readout, automatic 
time and voltage measurement, 
and storage of up to 52 wave- 
form sets—plus a three-year 
warranty on all parts and labor. 

Priceless confidence for only 


$5495. The new 2232 from Tek. 


Copyright © Tektronix, Inc. 1989.  BOB-080-2 
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The free offer 
is worth up to $340. 
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Order a Tek 2232 or 2211 DSO 
between January 15 and May 1, 1990 
and you'll receive one of these great 
items free! 
| CFG250 2 MHz Function 
Generator Produces sine, square and 
| triangle waves plus TTL signals. 
A $340 value. 


Ci P6062B 1X/10X Switchable Probe A100 MHz, 6 ft. probe, 


list price $190. 

~ To take advantage of our special se: complete this coupon and 
return it to your local Tek representative or distributor (be sure to 
check one of the boxes above). Or, order from Tek direct at 
1-800-426-2200, ext. 200 and mention this ad. 
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“Ofer good in US. ONLY. 


Confidence at an even 

lower price. 

For outstanding waveform con- 
fidence under $2700, look 

"into the new 50 MHz 2211 


digital storage oscilloscope. 


lt combines 20 MS/s digital sampling and analog measure- 
ment in one portable, easy-to-use package. And comes with 


waveform cursors, a 4K record length, horizontal magnification 


of X10 and X50, a hardcopy 
interface and much more—all 


for only $2695. 


Confidence is a call away. 
To order your 2232 or 2211, or 
for more information, contact 

your local Tek representative or 


distributor. To reach Tek direct, 


1-800-426-2200 
ext. 200, 


or fax a request for information 


to (503) 690-3959. 


We 


Tektrone< 
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EPROM 


EMULATION 
SYSTEM 


eEmulates up to 8 1- @Accepts Intel Hex, 
Megabit EPROMS with Motorola S-Record, and 
one control card. Binary files. 


® Software available for 
IBM PC and Macintosh 
systems. 


@ Downloads 1-Megabit 
programs in less than 10 
seconds. 


@Allows examination 
and modification of in- 
dividual bytes or blocks. 


Base 27256 EPROM System $395.00 
Other configurations available. 

Incredible Technologies, Inc. 

709 West Algonquin Road 


Arlington Heights, Illinois 60005 
(708) 437-2433 Fax (708) 437-2473 


Visa, MasterCard, and American Express accepted. 
CIRCLE NO. 10 


Data Acquisition 
Systems 


DATEL’s Data Acquisition Systems provide precision, speed, 
small size, low-power and functional integration. All are 
optimized to save money, time and space in your Data 
Acquisition design. Call or write for DATEL’s new Data 
Conversion brochure, 1-800-233-2765. 


Power 
(Watts) 


Throughput 


Model Bits (KHz) Channels Package 


DAS-952R 8 17 0.015 16 SE 40-PIN DIP 
HDAS-16/8 12 50 1.45 16 SE/ 8D 62-PIN Hybrid 
HDAS-75/76 12 75 0.500 8 SE/ 4D 40-PIN DDIP 
HDAS-534/ 538 12 150 2.6 4 SE/ 8D 40-PIN DDIP 
HDAS-524/ 528 12 400 2.6 8 SE/4D 40-PIN DDIP 
8 SE/4D 40-PIN DDIP 


HDAS-950/ 951 16 75 1.1 


 BOATEL 

DATA ACQUISITION SYSTEM 
HDAS—950MC 
A 


 BOATEL 
» DATA ACQUISITION SYSTEM 
| HDAS—75MC 
ns 


DATA ACQUISITION SYSTEM 
HDAS-SMC 


MADE IN USA 


INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 
DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000 
See us at Electro ’90 Booth #1804 
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istically specify what the computer will do, and then 
using a $25,000 logic analyzer or software-performance 
analyzer to find out what the program actually does. 
Engineers cannot afford the luxury of ignoring execu-_ 
tion speed and code size—especially for single-chip-wP 
projects. If an answer comes too late, it is wrong. If 
a program is too big to fit the available memory space, 
it is no good. 
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EDN Magazine’s April 26, 1990, issue will feature a 
Staff-written Special Report on DSP add-in boards 
for IBM PCs. Part 1 of a designer’s guide to preci- 
sion current sources will discuss current-source 
basics and analyze practical circuits. EDN’s All-Star 
PC project continues with part 4, which will focus on 
software. Also, remember to look for our regular de- 
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By the way, our services are now closer 


than you may have realized. Our European 
offshore branch is now established and 
operating in Amsterdam, Holland . 


Contact us TODAY .You'll be glad you did. 


These stunningly versatile chip set that can be designed with 
either page mode (20/25MHz, 80386 AT) or cache mode ( 
25MHz, 80386 AT ) depending upon customer requirements. 
Additionally, it can be designed in a baby- sized AT board , 
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THE EXPERTS IN 
SWITCHING POWER SUPPLIES 


Summit Power Supplies offer a wide range of output 
configurations, a maximum of standard features, and are 
tailorable to special requirements. Custom packaging 
available. 
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@POWER SUPPLIES FROM 
BASLER'S ELECTRONIC PRODUCT GROUP 


Basler Electric 
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Youre looking for an edge. Through higher The Lower, 
integration. Or performance improvements. Or unique The Better. 
packaging options. Things you've always wanted from When one of our customers 
standard analog products. But couldn't get. fhe major BOCs toouoplys. 


Until now. telephone line equalizer with 

Because now there’ semi-standard...a new way avery low group delay, we simu- 
of thinking about analog design. One that gives you pent hne fhe buildiveblocke y 
some of the rewards of analog ASIC, without many of of one of our standard CMOS 
the risks. Because you start with a standard product. products. And delivered the 
If that’ all you need, fine. na inane aN 

But if you want more—more drive current, more 
efficient space utilization, more system performance— 
semi-standard can give you that. In very little time. With 
minimal risk. In CMOS or bipolar processes. 

Utilizing our proven ASIC tool set and design 
methodologies, we can enhance your standard solution 
by changing the functionality or performance charac- 
teristics. Or by tightening electrical, environmental or 
unique quality specifications. Or simply by modifying 
your packaging to optimize your system’ requirements. 
And give you working bipolar prototypes in as little as 6 
weeks, CMOS in as little as 12. Consider the possibilities. 
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ou need. 


The Tighter, 
The Better. 


By quickly and easily add- 
ing a unique trim capability to 
one of our standard hard disk 
drive servo products, we 
delivered a much tighter voltage 
reference and satisfied a major 
customers critical power fail 
detect requirement. On time. 
On budget. Giving him a real 
competitive advantage. Respond- 
ing to anumber of customers’ 
immediate needs, we also solved 
a system yield problem through 
tighter pulse pairing. By adding 
trim capability to our standard 
ML 8464C pulse detector, we 
were able to raise the perfor- 
mance specs by 200% and quickly 
solve their application problem. 


The Fewer, 
The Better. 


When a major military 
Supplier asked us to help solve a 
space problem on an advanced 
military radio, we used our 
FB 3490 tile array and existing 
macros to combine three 
100KHz PWM controllers onto a 
single chip, in a single compact 
package. Quickly turning a stan- 
dard answer into a small wonder. 


much more 


The Smaller, 
The Better. 


After evaluating our ML4621 
Fiber Optic Inter-Repeater 
Link quantizer, three different 
networking companies asked us 
to develop smaller, lower power 
versions of our standard offer- 
ing. The result? Two new versions, 
inTTL and ECL, each optimized 
for a particular interface, with 
lower pin counts and power 
consumption. 
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How to design 


a strategic 


advantage into your next disk drive. 


In the disk drive business, 
time to market is everything. 

Yet you cantt be satisfied with 
standard read/write and servo 
control solutions. 

What you need is semi- 
standard. Products with higher 
performance. Higher integration. 
Or increased functionality. That 
you can get in time to capitalize 
on narrow windows of opportu- 
nity. With a minimal amount 
of risk. 

semi-standard solutions like 
our ML8464C pulse detector, 
the first chip to offer a +-/-1 nano- 
second pulse pairing performance 
advantage, reducing bit error 
rates and increasing yields. Or our 
ML4041/4042 pulse detectors that 
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Semr-standard solutions like the 
ML 4401 Servo Demodulator are 
based on Micro Linear’ tile array 
technology, allowing modtfication 
of functional blocks to gain a 
competitive edge. 


|| __ SERVO 

= CONTROLLER 
SUPPORT 
CIRCUITRY 


BIT 
RECORDING IC 


DATA 
SEPARATOR 


SERVO . 
DRIVER - 
TRAJECTORY 
GENERATOR 


Micro Linear’ full set of HDD ICs support both dedicated and 
embedded servo disk drives with read/write preamps, pulse detectors, 
phase locked oscillators and &-bit data converters. 


combine Ins pulse pairing with 
2 us write-to-read recovery in the 
industry-standard footprint. 

Or our ML4400 Chip Set 
that provides a highly integrated 
solution for fast-access, high 
TPI dedicated servo systems. Its 
a standard, off-the-shelf solu- 
tion thats been designed with our 
bipolar tile-arrays. So you can 
start with our standard solution 
or modify the functional blocks 
to gain a competitive edge. And 
get working prototypes in as little 
as 6 weeks. 

Got a high data rate drive 
that you want to race to market? 
Our new ML4025 data separator 
runs up to 833MB/s and is the 
only chip to support both RLL 


(1,7) and RLL (2,7) codes. Add 
constant density recording capa- 
bility with our ML4417/4427 
ZBR™ chip and you can achieve 
storage density advantages, with 
a VCO that operates over a 4:1 
range up to 100 MHz. 

You can even specify custom 
packaging options on any HDD 
product to satisfy critical on-board 
space requirements. 

Want to know more about 
how you can gain a competitive 
advantage on your next drive? 
Just call (408) 433-5200, ext. 403, 
or write to: 

Micro Linear 
Dept. HDD 
2092 Concourse Drive 
San Jose, CA 95181. 
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™ZBR is a trademark of Seagate Technology Inc. 
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ow there’ a high performance 


quantizing 


Micro Linear’s ML4621 is the first 
complete solution for converting 
low-level analog pulses from a fiber 
optic PIN diode preamp to digital 
signals, enabling you to interface 
with the clock recovery circuit. 


The ML4621 is a highly integrated 


high performance solution for 
many different types of fiber optic 
receivers, including IEEE 802.3 and 
IEEE 802.5 Local Area Networks. 


High Frequency Design 
Made Easy 


The ML4621 contains all the 
necessary circuitry for quantizing 
signals at data rates up to 1OOMbaud. 
The chip includes a high speed 
comparator, wide band amplifier, 
a link monitor and a DC offset 
cancelling circuit. The high level of 
integration greatly simplifies the 
design of a fiber optic receiver by 
eliminating multiple discrete 
devices. 

The ML4621 data quantizer can 
accept a wide dynamic range of 
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ML46215 Wide Bandwidth 
makes it usable to 100 MBaud 


single-chip solution for 
fiber optic signals. 


ML 4621 converts Low Level Pulses from a PIN node Preamp 
into Clean Digital Signals. 


signal strengths at its input, up to 
50 dB. 

The wide dynamic range means 
the ML4621 can be used where 
combinations of high and low volt- 
age input levels might saturate 
less accommodating, discrete 
solutions. The quantizer’s low 
noise voltage (25uV ) makes it in- 
significant compared to other 
components. 

Once your data signal has gone 
through two cascaded stages of 
wideband (50MHz) gain amplifi- 
cation, you can choose between 
either a single +5V TTL compar- 
ator, or a +5Vor —5.2V ECL 


comparator to interface with 
other blocks. 


For minimum use of board 
space, two other versions, the 
ML4622 and ML4623, are available 
in smaller packages. One has only 
TTL outputs and the other has 
only ECL outputs. 


Built-In Link Monitor 


Auser adjustable link monitor 
prevents incorrect data from being 
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> 


passed by disabling data outputs 
when incoming signals fall below 
externally set threshold levels. 
The circuit also transmits a status 
signal to the system. 


Semi-Standard Versions 


The ML4621 family is developed 
on Micro Linear’s family of bipolar 
tile arrays. It allows easy custom- 
ization to your specific applications, 
including the addition of blocks, 
such as a Fiber Optic LED driver, 
or a transimpedance amplifier, or 
changes in 1/O and other packaging 
options. 


Call Or Write 
For More Information 


If you would like more informa- 
tion on the ML4621 fiber optic 
data quantizer, or on Micro Linear's 
complete line of linear devices, 
call (408) 433-5200, extension 900. 
Or write: 

Micro Linear 
Department 4 
2092 Concourse Drive 

an Jose, CA 95181 
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POWER SUPPLY 


DESIGNERS 


Now you have a choice 
for your power supply controller. 


Standard devices for maximum performance. 


Introducing three new 


single-chip Switch 
ae Vode Power Supply 


controllers that save space, 
money and time. 

The new 16-pin ML4825 
and ML4823 are improved 
pin-compatible replacements 
for the UC1825 and UC1823. 

A third new controller, the 
ML4809, is packed with extra 
features and functions for bet- 
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RESET VOLTAGE | TO OUTPUT 
OUTPUT STATE | DELAY 


| SOFT START 
SE 


PART TYPE 


Micro Linear! Unitrode Comparison 


ter stability, easier starting 
and synchronization 


Ton 
Provide Maximum Performance 


The ML4809 starts with all 
the features of the ML4825, 
then adds even more: 
Synchronization: 

° separate clock I/O pins 


¢ wide dynamic range VCO 

¢ toggle flip-flop output and 
preset inputs 

Stability: 

¢ on-chip programmable ramp 
compensation 

e blanker to reject turn-on 
spike 

¢ completely independent 
error ramp 

Start-up/Fault conditions: 

e 7V hysteresis on under- 
voltage lockout 

¢ full reset with programmable 
delay 
If one of these new standard 

controllers doesn’t meet your 

special high-frequency system 

needs, Micro Linear can pro- 

vide a semi-standard part to 

your specific applications. 


Semi-Standard devices for maximum flexibility. 


Announcing the new 
FB3480, the first 
array specifically 
designed for high frequency 
Switch Mode Power Supply 
applications. 

The FB3480 technology 


allows both Standard and Semi- 


Standard SMPS controllers to 
be quickly and easily developed 
starting from the same piece 

of silicon. This array contains 
crafted high performance “core 
cells” optimized to perform all 
the standard functions found in 
all PWM controllers. In addition 
a large area of uncommitted 
components on the chip can be 
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configured to your specifications 
using Micro Linear’s library of 
“soft macros” These macros 
implement a full complement 

of logic, comparator and other 


ML3480 Array Enables 
Easy Custom Design 


functions which make your con- 
troller unique. This approach 
allows you to evaluate the per- 
formance of the standard 
products then to customize a 
unique solution with a minimum 
of cost and effort, without 
sacrificing performance. 
For more information on 
the new single-chip standard 
and semi-standard SMPS con- 
trollers from Micro Linear, call 
(408) 4383-5200, ext. 900. 
Or write: 
Micro Linear, Dept. PWM 
2092 Concourse Drive 
san Jose, CA 95131 


Micro Linear 


Eo ae ee 


Oe ANAL 1 


Bio oo) do 


New 8-bit A/D converters 
with sample and hold 
maintain accuracy at 50K Hz. 


The new ML2258 and ML228]1 
series from Micro Linear maintain 
true 8-bit accuracy while digi- 
tizing a OV to 5V, 50KHz sine wave. 
This gives you near ideal signal-to- 
noise of 47dB. All devices come 


with either a double buffered paral- 


lel or serial digital interface. Yet, 
these devices are superior for 
interfacing to temperature, pres- 
sure and position transducers due 
to low cost and ease of use. 


Dynamic Performance and 
8-bit Guaranteed Accuracy 
Dynamic performance and 
6 microsecond conversion time 

make the ML2258 and ML2281 
series ideal for signal processing 
as well as for digitizing sensors. 


OUTPUT SPECTRUM 
50kHz 


78 
FREQUENCY (kHz) 


The FFT Plot of the ML2258 
Converting a 50 KHz, 0 to dV 
Low Distortion Sine Wave Input. 


Total unadjusted error in 
the ML2258 and ML2281 series is 
+¥% or +1] LSB, which includes 
the sum of nonlinearity, full scale 
and zero scale errors. It is impor- 
tant to note that no full scale 
or zero adjust is required. 
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Designed for Ease of Use 
with a 

Choice of Analog Inputs 

With all parameters guar- 
anteed over the entire ambient 
temperature range, as well as 
+10% tolerance of the single 
OV power supply, the ML2258 
and ML228] series are designed 
for ease of use. Stable and repeat- 
able conversions result from a 
digital code uncertainty of 1 mV. 

Greater design flexibility 
1s allowed by the OV to 5V analog 
input range operating either 
ratiometrically or with a voltage 
reference up to 5V. The inputs 
are protected for up to 25mA 
maximum per input. 

Power dissipation overall is 
extremely low—less than 3mA. 

Digital inputs and outputs are 
both TTL and CMOS compatible. 

The ML2258 microprocessor- 
compatible 8-bit A/D converter 
with 8 analog inputs has a 
double-buffered three state out- 
put and latched and decoded 
multiplexer address inputs. It is 


pe a 
ML2281 Serial DSP Interface 


available in both 28-pin DIP 
or PCC. 

The ML228]1 series 8-bit serial 
I/O A/D converters provide a 
serial address of the 2, 4, or 8 
analog inputs. ML228] series 
DIP packages are 8, 14 or 20-pin 
configurations. In addition, the 
8-input channel ML2288 is avail- 
able in a 20-pin PCC. Prices 
start at only $2.95 each in 100 
unit quantities. 


Semi-Standard Options 

Customized versions of both 
series of converters are available to 
incorporate alternate packages, 
different specifications or slightly 
modified functionality. 

If you would like more informa- 
tion on the ML2258 or ML2281 
series A/D converters, or on Micro 
Linear’s complete range of linear 
devices, please call (408) 4383-5200, 
extension 912, or write: 


Micro Linear 
Department E/B 
2(92 Concourse Drive 
San Jose, CA 95181 


ig. Micro Linear 


Before you begin your next 
analog design, there are a 
number of things we think you 
should consider. 

Should it be a standard 
analog IC? A semi-standard? Or 
even a USIC (User Specific IC)? 

With us, the decision 1s 
yours. Because we can Satisfy 
the whole spectrum. From high- 
performance standard prod- 
ucts serving the disk drive, A/D 
conversion, analog telecom, 
power supply or local area net- 
work markets. To proprietary 
semi-standard solutions. To 
sophisticated, ASIC-based 
designs. Or any combination. 


LJ Yes, I'd like to know more about Semi-Standard Analog. 
Please send me your new 1990 Data Book. 


[_] Please have a Micro Linear sales engineer call me. 
I have an immediate requirement. 


since, 1983, we've pio- 
neered the use of analog ASIC 
methodologies to produce high- 
performance, high reliability 
analog products for a wide range 
of commercial and military 
applications including com- 
puter peripherals, instrumenta- 
tion, telecommunications, data 
communications equipment and 
military systems. Yours could 
be next. 

To find out, simply send us 
your design problem with all 
the critical performance para- 
meters. Our applications 
engineers will quickly analyze 
your problem, evaluate the 


alternatives and give you our 
best recommendation. 

We'll even give you a 
number of development cost 
options—ranging anywhere 
from a one-time NRE charge to 
waiving it in exchange for the 
rights to eventually offer your 
design as one of our standard 
products. 

Write to Micro Linear, 
2092 Concourse Drive, San 
Jose CA 951381. Or send in the 
coupon below. Better yet, call 
Ken Fields at (408) 433-5200 
and give him all the facts. The 
answers he'll give you will be 
anything but standard. 
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Company: 
Cityie Zip: 


Phone: ( ) 
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Design Feature 


Routing out signals 


troubleshoots 
LCA designs 


Although you can use ASIC design-verift- 
cation techniques, such as software sumula- 
tion, with Xilinx LCA field-programmable 
gate arrays (FPGAS), these devices will also 
yield to traditional in-circutt methods. 


John Rostykus, Data I/O Corp 


Unlike conventional TTL and PLD designs, Xilinx 
LCA (logic-cell array) designs have significant portions 
of their circuitry buried within the device. Therefore, 
you can normally observe only a small percentage of 
the device’s signals with your logic analyzer or oscillo- 
scope at the device’s external pins. 

Attempting to debug your design using only the ex- 
ternally visible signals usually leads to several itera- 
tions of 

@ guessing which portion of your design is causing 

the error 

@ modifying your original design in an attempt to 

isolate this portion 

® testing your modified design in circuit to verify 

if your guess was correct 

® repeating these steps if the guess was incorrect. 

This type of debugging is slow, tedious, and often 
unreliable. The problem is that you cannot observe 
enough details to isolate the improperly designed 
subcircuit. 
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Making your LCA design’s internal circuitry more 
observable, which this article will show you how to 
do, will allow you to use the same techniques you use 
for debugging traditional TTL and PLD designs. 

This alternative method entails routing out some of 
the LCA’s internal signals to external pins for observa- 
tion. In practice, this new method has its own set of 
problems, but you can overcome most of them with 
patience and methodical practices. 

Fig 1 shows the basic steps involved, along with the 
iterative nature of the method. The number of signals 
you will have to route out depends upon your design’s 
nature, the particular error, and the number of pins 
available for routing out. Sometimes, routing out a 
single signal may suffice, while other times you may 
have to route out several signals. 


Route out details 


To perform a route out, return to the Xact editor 
to edit the LCA’s layout directly. You could go all the 
way back to the schematic level, but this method takes 
significantly more time because of the subsequent 
placement and routing steps. Also, formally document- 
ing these route-out changes in the original schematic 
is not important because the changes are only tempo- 
rary. 

The first step is to locate the signals you want to 
observe. Given your knowledge of how the design oper- 
ates, locate the internal signals that generate the ex- 
ternal signals you observed functioning erroneously. 
Typically these internal signals include those of funda- 
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Making your LCA design’s internal cir- 
cuitry more observable will allow you to use 
the same techniques you use for debugging 
traditional TT'L and PLD designs. 


mental logic blocks in your design such as state-ma- 
chine bits, counter bits, clock enables, and decodes. 
Selecting these fundamental signals helps minimize the 
number of times you must perform route out, assuming 
you will be looking for more than one bug. 

You must now determine which pins in the design 
are most easily available for route out according to the 
following criteria: unused/unconnected pins, dedicated 
output pins, or, lastly, dedicated input and bidirec- 
tional pins that you can temporarily transform into 
output pins. 

The first choice is to use an LCA pin not used in 
your design and not connected to other circuitry in 
your system. The second choice is to use an LCA pin 
that is an output pin in your original design and that 
you can temporarily change without adversely affect- 


ERRORS 


ERROR NOT 
FOUND 


ERROR FOUND 


Fig 1—This flowchart shows the various steps of the route-out 
method. Plug the initial design into the target system and test it in 
circuit. By monitoring external pins on the device, you learn that 
your design is not behaving as expected. You must now infer which 
particular subsection of the design is not functioning properly. You 
then go back into the design editor and route out some signals, which 
may be causing the problem, to available external pins. Next, you 
monitor the circuit’s performance, including the extra route-out sig- 
nals. By performing enough route-out iterations, you can pinpoint 
the problem. 
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ing the entire breadboarded system’s operation. For 
example, a system-clock output may be a bad choice. 
The third, and worst, choice is to use an LCA pin that 
is an input, or bidirectional, pin in your original design. 
Use such a pin only as a last resort, because this choice 
requires disabling the driver in your prototype con- 
nected to this pin. Using input pins for route out is 
usually only feasible on breadboards where chips are 
often socketed and you can “lift” the corresponding 
driver’s pin. 

Next, locate the complete routing paths, or “net,” 
of selected signals in your routed LCA using the Xact 
editor. You will use this information to select among 
the available LCA pins. 

The subsequent step is to choose a specific pin for 
each selected net by trading off the proximity of the 
pin to the selected net for the routing congestion be- 
tween the pin in question and the selected net. In 
most cases, the best choice is the pin that is closest 
to the selected net. If the selected net is in the center 
of the LCA (not near any pin) or the net is equally 
close to more than one pin, the second criterion comes 
into play. 

Current LCAs have a limited number of routing re- 
sources or “channels” for interconnecting the chips’ ele- 
ments, what their manufacturer calls configurable logic 
blocks (CLBs) and I/O blocks (IOBs). You will probably 
have already used most if not all of these channels. 
Routing congestion occurs when your existing routing 
uses all of the available channels in a particular region, 
such as between two adjacent CLBs. This congestion 
precludes routing an additional signal between such 
CLBs without modifying the existing routing. To sim- 
plify routing out your selected signal, choose the pin 
that has the least routing congestion, or conversely, 
the greatest number of available channels, in the region 
between the selected signal and the pin. 

Once you have chosen a pin that is both near the 
selected signal and has the least routing congestion, 
the next step is to configure the pin as an output. 
Finally, you must route a new segment of the selected 
net to the route-out pin. This step can be as simple 
as letting the editor automatically route the net or as 
complex as rerouting several existing nets to make 
room for the new connection to the route-out pin. In 
most cases, after carefully selecting the route-out pin 
and considering existing routing congestion, the LCA 
editor will automatically route the net. However, in 
some cases it won’t do so automatically. 

In these cases, you are left with a couple of options. 


EDN April 12, 1990 


pulse), DWNSTR (down start), or RDPLS (read 
pulse)—then it goes into the Read (01) state to read 
one bit of data. If C clock pulses continue coming in, 
it will remain in the Read state; if C clock pulses stop, 
it will return to the Refresh (00) state. 

From the Refresh state, if a WRRAM (write RAM) 
request from the communication link comes in, the 
state machine changes to the Pre-Read (10) state for 
one cycle, followed immediately by a transition to the 
Write (11) state for one cycle. These transitions enable 
writing one bit. to the 2-bit-wide RAM. The DRAM 
controller then returns immediately to the Refresh 
state. 

Fig 3 is a schematic of the DRAM-control block. 
Inputs from the configuration-control block include 
CCKPLS and DWNSTR, while the communication- 
control block’s inputs include RDRAM, WRRAM, 
PLSCK, and RDPLS. 

Physically, the DRAM-control state machine (Fig 
3a) is a free-running, 3-bit Johnson counter. It continu- 
ally generates six timing states for each read, write, 
and refresh DRAM cycle. At the end of each timing 
cycle, the DRAM read/write state machine (Fig 3c) 
changes state and remains constant for the duration 
of the next timing cycle. The DRAM-control state ma- 
chine then drives the DRAM-control signals’ logic to 
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generate the actual DRAM-control output signals. The 
signals generated for each of the six timing states de- 
pend on the cycle type specified by the DRAM read/ 
write state machine. The DRAM-control state ma- 
chine’s ENDCY output signals the end of each cycle. 


A problem crops up 


Referring to the DRAM read/write state-transition 
diagram (Fig 2b), you would expect the DRAM to be 
continually receiving refresh cycles when no access re- 
quests are coming in and the system is idle. However, 
by observing the RAS— and CAS— signals at the 
DRAM ICs with your logic analyzer, you see that the 
DRAMs are oscillating between refresh and read cy- 
cles. This symptom is your first indication of an error. 
However, determining the exact source of the problem 
is difficult because there are two states that will gener- 
ate read cycles—namely, the Read and Pre-Read 
states. These states are indistinguishable on external 
LCA pins. 

In traditional TTL or PLD debugging, you would 
be able to examine your design’s subcircuits with your 
logic analyzer or oscilloscope, observing more of the 
details of the error. However, with the LCA, these 
nodes are buried deep inside. 

Now the route-out method comes into play. First 
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The first choice for route out isan LCA pin 
not used in your design and not connected 
to other circuitry in your system. 


you must decide which signals you want to route out. 
In this case, you decide to route out the two DRAM 
read/write state-machine bits, because they determine 
the DRAM cycle, and are your best way to identify 
the error source. Specifically, these are the DMODO 
and DMOD1 signals shown in the schematic (Fig 3). 

Entering the LCA editor, you can determine the 
DRAM-control circuit’s location. Fig 4a shows the 11 
CLBs used for the DRAM-controller circuitry. In gen- 
eral, the signals associated with the DRAM-control 
circuit will be in this area, but you need to pinpoint 
their locations so that you can decide how to reroute 
them. 


Use the Hilight command to locate the nets’ current 
routing. Fig 4b shows both DMODO and DMOD1. Ac- 
cording to the first criterion for selecting a route-out 
pin, clearly the nets are closest to the right-hand edge 
of the LCA package, and therefore pins along that 
edge are more desirable. 

In this particular design, all of the right-hand pins 
connect to external circuitry, so you must select pins 
that can temporarily be route-out pins. Considering 
the second criterion for selecting a route-out pin, you 
see that most of the routing channels near the right- 
edge pins are already used. However, keep in mind 
that when temporarily using a pin from your original 
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F ig 4—This LCA implementation of the schematic in Fig 3 shows a, the highlighted CLBs, which compose the DRAM- 
/ control block; b, the highlighted nets and, IOBs selected for route out; and C, the nets and pins after completing the route out. 
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Like gate arrays, LCAs have a flexible, 
nondedicated architecture. 


design for route out, the routing channels previously 
used for the pin will be available for route out, too. 

The CTB2 and TSI68 pins provide the best fit to 
these criteria; Fig 4b shows their locations. Comparing 
their locations to the highlighted nets and the available 
routing channels, you find that the DMODO net will 
route most easily to TSI68 and the DMOD1 net to 
CTB2. 

You have now selected route-out pins (IOBs) by con- 
sidering their routability. The next step is to configure 
the IOBs for route out. Use the editor’s DelBlk com- 
mand to delete the previous configuration, their origi- 
nal names, and the existing routing from the TSI68 
and CTB2 IOBs. Now is a good time to rename these 
pins with the NameBlk command, either with their old 
names or new names that indicate that they are route- 
out pins (in this example, TSI68 becomes ROUTE- 
OUTI1 and CTB2 becomes ROUTE-OUT2). Now use 
the EditBlk command to edit one of the IOBs and 
configure it to be an output with the configuration 
command BUF:ON (2000 series). Use the EndBlk com- 
mand to finish editing the block. 

Repeat this process for the other route-out IOB, or 
alternately, use the CopyBlk command to copy the first 
IOB’s configuration into the second. Next, you use the 
AddPin command to connect the route-out pins to the 
highlighted nets. 

Specifically, to execute the AddPin command, select 
the DMODO net as the source and the ROUTE-OUT1 
IOB .o pin as the destination. This command makes 
the logical connection from the net to the pin. Repeat 
this step for the DMOD1 net and the ROUTE-OUT2 
JOB .o pin. The final step is to route the new connec- 
tions using the Route command, selecting the DMODO 
and DMOD!1 nets. In this example, because of the fore- 
thought in selecting pins and the nature of the design, 
the LCA editor can automatically route both nets. Fig 
4c shows that you now have the two internal DRAM 
read/write state machine bits routed out to external 
pins. 

Now for the moment of truth. You download the 
routed-out design into your system and once again ob- 
serve the DRAM oscillating between read and refresh 
cycles. However, this time you can also observe the 
DRAM read/write state machine bits directly, in real 
time, and discover the DMOD1 bit toggling on alter- 
nate cycles. From Fig 2b you can see that the read 
cycle occurs because of an erroneous transition to the 
Pre-Read state. With this new level of detail, you re- 
turn to the schematic and are able to pinpoint the 
faulty logic. 
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You have now debugged the DRAM-controller cir- 
cuit with the route-out method. Though this example 
has been a fairly simple case history of a faulty circuit, 
it does demonstrate the effectiveness of using the 
route-out technique to increase the observability of 
your LCA design during debugging. The ability to ob- 
serve internal states helps decrease the time spent 
debugging because this observability provides more 
detail about the bug and reduces the amount of guess- 
work involved. 


In-circuit verification 


The major difficulty often encountered when trying 
to use the route-out method is the lack of pins available 
for route out. Most LCA designs utilize all pins in the 
design, leaving no free pins for route out. When the 
LCA is in circuit, the output pins are not always avail- 
able for temporary use as route-out pins, because they 
are controlling the target system. We developed the 
route-out method while perfecting our Mesa I in-circuit 
verification tool, whose internal circuitry consists 
mostly of LCAs. 

This instrument has a “shadow” LCA that operates 
in parallel with the target LCA in your prototype. The 
shadow LCA sees all the inputs from the prototype 
circuit that the target LCA does. Because the internal 
logic and the stimulus for both devices are the same, 
the two devices run in parallel. But the shadow LCA 
produces no outputs for the circuit under test. 

Therefore, you can more easily use the route-out 
method in the shadow LCA when few or no pins are 
available for route out in the target LCA. The target- 
system LCA keeps the prototype operational, while 
the shadow LCA’s outputs deliver vital internal infor- 
mation to your logic analyzer or oscilloscope. 


Author’s biography 

John Rostykus 1s a project engineer 
with Data I/O Corp (Redmond, WA), 
where he has worked for four years. 
Currently, he is a systems designer for 
m-circuit verification tools. John is a 
1986 graduate of the California Insti- 
tute of Technology (Pasadena, CA), 
from which he received a BSEE. In his 
spare time, he enjoys hiking, camping, 
and playing soccer. 


Article Interest Quotient (Circle One) 
High 491 Medium 492 Low 493 


EDN April 12, 1990 


We've drastically 
reduced the time 
it takes to produce 

a baby. 


R08s0 


If you’ve been laboring under the assumption it can use a healthy dose of Toshiba 1 Megabit 


that Video RAMs have gotten about as fast as possible, high density VRAM. 
Toshiba would like to introduce you to their new For the best delivery of these babies, just call 
1 Megabit creations. Toshiba’s only national distributor. Marshall Industries. 
With faster read/write features, they have a bright As Toshiba’s number one distributor nationwide, 
future in all kinds of applications. we always have plenty of product on hand, so you 
Ultrasound monitors, for instance. can start designing whole new families right away. 
Or personal computers. Magnetic Resonance Imaging In fact, the whole concept is, well, pregnant 
equipment. Video games. If it can benefit from getting with possibilities. 


an image out of the gate and onto the screen faster, 


("Authorized Locations) San Diego (619) 578-9600* GA Atlanta (404) 923-5750° MN Minneapolis (612) 559-2211° Rochester (716) 235-7620° Dallas (214) 233-5200° In Canada: G.S. Marshall Co. 
AL Huntsville (205) 881-9235* San Francisco (408) 942-4600° IL Chicago (312) 490-0155* MO St. Louis (314) 291-4650° OH Cleveland (216) 248-1788* El Paso (915) 593-0706° Montreal (514) 694-8142° 
AZ Phoenix (602) 496-0290° CO Denver (303) 451-8383° IN Indianapolis (317) 297-0483° NC Raleigh (919) 878-9882* Dayton (513) 898-4480° Houston (713) 895-9200° Ottawa (514) 694-8142° 

Tucson (602) 790-5687° CT Connecticut (203) 265-3822* KS Kansas City (913) 492-3121° NJ N. New Jersey (201) 882-0320° OR Portland (503) 644-5050° San Antonio (512) 734-5100° Toronto (416) 458-8046° 
CA irvine (714) 458-5301° FL Ft. Lauderdale (305) 977-4880" MA Boston (508) 658-0810° Philadelphia (609) 234-9100° PA Philadelphia (609) 234-9100° UT Salt Lake City (801) 485-1551° 

Los Angeles (818) 407-4100° Orlando (407) 767-8585°* MD Maryland (301) 622-1118° NY Binghamton (607) 798-1611° Pittsburgh (412) 788-0441° WA Seattle (206) 486-5747° 

Sacramento (916) 635-9700* Tampa (813) 573-1399* Mi Michigan (313) 525-5850° Long Island (516) 273-2424* TX Austin (512) 837-1991* WI Wisconsin (414) 797-8400° 
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You might be surprised to learn 
that most disc drive companies do 
very little manufacturing and a whole 
lot of assembling. They buy a few 
components, put them together, and 
voila: instant disc drive. Seagate's 
approach to manufacturing, however, 
is exactly the opposite. 

You see, we don’t just use anyone's 
parts in our drives; we design and 
build most of our own. It’s the opti- 
mum way to control the quality, com- 
patibility and availability of these 


vital elements. Not to mention the cost. 


Our substrate plant, for example, 
supplies discs to our thin-film disc 
plant, which supplies more than one 
million sputtered discs a month to 
our drive manufacturing plants around 
the world. Now that’s control. 

The same manufacturing strength 
applies to Seagate read-write heads, 
motors and printed circuit boards as 
well. Because in the end, it all boils 
down to one irrefutable thought: 
Superior disc drives use superior 
components. 


The first name in disc drives 
|-800-468-DISC 


Seagate and the Seagate logo are registered trademarks of Seagate Technology, Inc. © 1990, Seagate Technology, Inc. 
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The smart choice in board testing 


Now there's a combinational board tester that helps you 
test the most challenging VLSI technologies — from high- 
speed VLSI and ASICs to mixed signal and scan. The 
L350 has 20 MHz digital, SuperFast Analog,™ and auto- 
mated boundary scan testing. And over 3,000 test pins. 

What’s more, you don’t have to be a programming 
whiz to get great test results. The L350 has expert soft- 
ware that reviews PC board testability before you com- 
mit to artwork. Its advanced knowledge base generates 
accurate, repeatable in-circuit and cluster tests. And it 
analyzes test results, providing one clear repair mes- 

The L350 combinational board tester. a sage per fault. 


EDN April 12, 1990 


b ' i 
eae | 
" ‘ 4 \# is 
** ) 
. | 
am ml ¥ 
‘ ' Fe 
. al a 
i : e 
« **% , 


© Segre? OF OR Pere 


is the smartest board tester. 


The L350 gives you smart hardware too, with multi- advanced products to market more efficiently. 
ple dedicated processors for highest analog and digital With brain power like this, even difficult test prob- 
throughput. Now, in thirty seconds or less, you can lems become easy to solve. You'll start testing fast 
get 100% interconnect coverage, 100% device cover- with low operating costs and highest circuit board 
age, and 100% pin-level fault coverage on dense, com- yields at system assembly. 


plex boards. Just the answer for automated and JIT So if you’re thinking about a new combinational 

manufacturing. tester, make a smart call. Contact Daryl Layzer at 
Best of all, using the L350 with our BoardWatch’ test 617-482-2706, Ext. 2808 for more 

quality management software is a very smart business about the new 

strategy. Because by finding VLSI faults fast, diagnos- L350 VLSI 

ing them accurately, and using the information to Board Test 

eliminate defects at their source, you'll get new, System. 
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Our new MVME 165 has more Real-Time software 
ported to it than any other ’040 board. 

Now, life in the fast lane begins at’040. Because our 
new VME board features the Motorola 68040 offering 
20+ MIPS performance today and 25+ MIPS with the 
33 MHz introduction. All with 4 or 16 Mbytes of on- 
board RAM~—in one VME slot! 

But the hardware is just the starting point. The 165’s 
real forte is its software support to get your application 
up and running faster. For starters this includes: UNIX" 
System V, VMEexec;’ OS/9," OS/ 9000" PDOS? pSOS+," 
VRTX32” RTUX™ VxWorks” MTOS* LynxOS, C, 
C-Fxecutive™ Ada and FORTRAN. And there’s a lot 
more coming. 

The 040 is ready for take off. Get on board today 
with the MVME 165 and get all the software, application 
and field support to really fly tomorrow. For details, call 
1-800-556-1234, Ext. 2301. Un California, 1-800-441- 
2345, Ext. 2301). Or, write Motorola Computer Group, 
2900 S. Diablo Way, DW 283, Tempe, AZ 85282. 


MOTOROLA 


Computer Group 


VMEexec is a trademark of Motorola, Inc. UNIX is a registered trademark of AT&T. OS/9 and OS/9000 are 
trademarks of Microware Systems Corp. and Motorola, Inc. PDOS is a trademark of Eyring Research Institute, Inc. 
pSOS-+ is a trademark of Software Components Group. VRTX32 is a trademark of Ready Systems. RT UX is a 
trademark of Emerge Systems. VX Works is a trademark of Wind River Systems. MTOS is a trademark of Industrial 


Programming, Inc. 
CIRCLE NO. 78 
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A STEP AHEAD IN 
THE RACE FOR SPACE 


New | to 4 Megabit ay New Commercial SRAM 
SRAM modules ees EDI EDI's Modules and Monolithics modules incorporate RAMs 
allow you to design and in plastic V/SOP on Ce- 
produce your products ramic or FR4 substrates 
with JEDEC standard for maximum economy. 
megabit+ density SRAMs DIP and SIP packages offer 
up to 5 years before mono- exceptional space savings 
lithic technology will be with densities from 1 to 4 


available. megabits. 

EDI modules are avail- Military or Commercial, 
able for both Military and Commer- pliant SRAMs in Ceramic LCCs on EDI SRAM modules provide the 
cial applications. Ceramic substrates, join the most most effective answer to your space 

1 to 4 Megabit Military modules, comprehensive line of high reliabil- problems, allowing you to provide 
incorporating MIL-STD-883 com- ity CMOS SRAMS in the industry. maximum functional capability in 


the tightest possible space. 


Send for the new Static RAM 
Module Brochure, from the Indus- 
trys Memory Module Pioneer... 


VAED| 


ELECTRONIC DESIGNS INC. 


EDI's New Static RAM modules, Military and 
Commercial, combine today’s high perform- 
ance SRAM technology with innovative 
packaging to provide 1 to 4 Mbit <i 
densities and equivalence to next _.sfimeanes 
generation monolithics. , wy 
(Clockwise from Top) 
Military 256Kx16, 256Kx4: 
Commercial 256Kx8, Military 
& Commercial 64Kx 16s. 


Electronic Designs Incorporated/42 South Street, Hopkinton, MA 01748/(508) 435-2341/FAX: (508) 4356302/TLX: 948004 
Electronic Designs Europe Ltd./Shelley House, The Avenue, Lightwater, Surrey GU18 SRF, UK/0276 72637/FAX: 0276 73748/TLX: 858325 
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Design Feature 


Create accurate 
analog models for 
better simulations 


Even the best simulator provides bad results 
if you use poor models. Although most com- 
mercial analog simulators come with librar- 
ies of device models, these libraries often lack 
the complex models you need. As a result, 
you may have to build your own models. 


Eric S Filseth, Jeff Berwick, and Harold Mann, 
Valid Logic Systems 


An analog simulator can only simulate to the accuracy 
and detail of the models you use. The model libraries 
bundled with your simulator can’t possibly contain all 
the device models you'll ever need, so you may have 
to build a model yourself. It’s difficult to build an accu- 
rate and complete model of a complex analog device, 
because the model must emulate hundreds of possible 
device behaviors. However, if you have a graphic CAE 
system with modeling tools, a thorough working knowl- 
edge of the building blocks in the simulator, and a solid 
helping of creativity, you can build complete complex- 
device models. 

The best way to construct such models is as black 
boxes. As long as the correct input results in the cor- 
rect output, the actual construction of the model is 
irrelevant. Try to model functions as small circuits that 
recreate the desired behaviors but don’t affect the 
other functions in the model. 


EDN April 12, 1990 


The most important tools you’ll need are a simulator 
and model library that support many basic functions. 
The library’s functions should include different types 
of controlled sources, ideal switches, and mathematical 
function blocks such as differential equations. These 
basic building blocks are very useful in creating analog- 
simulation models. 

In addition, you must have a manufacturer’s specifi- 
cation of the part you intend to model. Then, you'll 
need to define which of the hundreds of circuit behav- 
iors are most important to your application. Also, you'll 
want the models to simulate quickly while providing 
coarse but accurate emulation, so you'll usually use 
behavioral descriptions to model complex devices. F'i- 
nally, the creation of accurate and complete analog- 
device models demands more creativity and expertise 
than digital-device modeling does. 


The optimization problem 


In creating component models for simulation, the 
main difficulty is making sure the model simultaneously 
gets all the behaviors right. The characteristics of a 
semiconductor component are functions of a set of 
manufacturing rules: any given rule, such as n” doping 
density, is likely to impact many otherwise unrelated 
electrical characteristics. Building a model is like trying 
to solve Rubik’s Cube; trying to develop the model 
without knowing the manufacturer’s rules is like trying 
to solve the cube blindfolded. Further, in developing 
a model from the schematic, you'll probably find that 
a tweak to improve one parameter adversely affects 
other parameters. 
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ee 
To build accurate and complete models, the 
most important tools you'll need are your 
ingenuity and your knowledge of the 
behaviors youve trying to model. 


The problem with building complex models, there- 
fore, is how to optimize a set of linked nonlinear charac- 
teristics simultaneously. In fact, this simultaneous opti- 
mization is the only effective way to extract simulation 
parameters for discrete devices such as transistors. 
Engineers have developed elaborate computer tech- 
niques for this purpose. 

Complex analog devices are potentially even more 
difficult to model. If functions are interdependent, 
tweaking one function will force you to tweak all the 
others as well. If your approach isn’t systematic, you 
could spend the rest of your life tweaking parameters 
and still not derive the data necessary to drive the 
model. 

For system simulations, you’ll build most models at 
the macro level. Building a macromodel is a straightfor- 
ward task. First, determine which behaviors you need 
to model. Then, develop circuit-level models for each 
behavior. Finally, integrate the behavior models into 
a single macromodel. 


Emulate the right behaviors 


The biggest disadvantage to this approach is that a 
macromodel is an approximation that emulates only 
those behaviors for which it was designed. On the other 
hand, building the macromodel one behavior at a time 
avoids parameter contention, and for integrated cir- 
cuits with many active devices, this coarse system-level 
macromodel usually simulates much more quickly. 

In general, the linear response of an analog system 
is the easiest characteristic to model. You can describe 
the linear responses concisely by using a set of mathe- 
matical equations. Typical examples are the gain and 
phase response of an amplifier and the relationship 
between torque and power in an electric motor. You 
could use some combination of function blocks and lin- 
ear elements such as resistors and capacitors to model 
these relationships. 

The op amp is a common linear component in analog 
design. The Boyle (Ref 1) and Hu (Ref 2) models are 
the most common op-amp behavioral models. The tran- 
sient response is a good vehicle for separating and 
modeling linear and nonlinear behaviors. The principal 
linear behavior is frequency response. The following 
equation models the frequency response: 


i) (14%) 
Vour_y ( 14-2) °** 


(1) 
Vin ( x) ( = ok 
1+p,/ \1+p, 


168 


where p, and pp, z, and z, are the respective frequencies 
of the poles and zeros; s is the frequency of the stimu- 
lus; and H, is the de gain. This equation models behav- 
lors such as whether the amplifier will oscillate at low 
gains and how long it will take to settle to a final 
value. The model is accurate within the component’s 
linear operating region; outside of the linear region, 
the slew rate and other factors come into play. 

One important nonlinear characteristic for most op 
amps is the device’s slew rate. The slew rate is essen- 
tially the maximum value of dVoy7/dt that the circuit 
topology can support. The internal circuitry of the op 
amp, which drives the compensation capacitor, limits 
the rate of change of an amplifier’s output. At high 
frequencies, the current available to charge and dis- 
charge the capacitance is exhausted, and slew-rate lim- 
iting occurs. 

The linear frequency response of the amplifier (Eq 
1) defines a maximum bandwidth for arbitrarily small 
input signals. In many applications, however, the us- 
able bandwidth of the op amp is limited to a much 
lower frequency than the linear model predicts. Distor- 
tion limits large-signal response when the input ex- 
ceeds the maximum slew rate. And, at a given fre- 
quency, a large input signal demands a greater rate 
of change within the op amp than a signal of lower 
amplitude, indicating that even in the absence of clip- 
ping, the amplitude of the signal affects an amplifier’s 
output. A macromodel provides a quick, accurate way 
to model the large-signal nonlinearity caused by slew- 
rate limiting. 

For example, consider a unity-gain amplifier produc- 
ing a 10-MHz, 5V triangle wave. Because of the 100- 


_ FALLING SLEW RATE 


GAIN=10° GAIN=1 GAIN = 2x10” 


_ LINEAR RESPONSE | RISINGSLEWRATE 


Fig 1—Often, the best way to build an accurate model is to assign 
separate parameters to each condition yow’re trying to emulate. 
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nsec period, the output must go from 0 to 5V in 50 
nsec or 100V/usec. If the amplifier had a slew rate of 
only 50V/usec, then the output waveform would be 
distorted. The amplifier would be operating outside 
the linear region, and the equation would no longer 
be valid. 

Had the signal been of smaller amplitude—for exam- 
ple, a 1V, 10-MHz triangle wave—Eq 1 would still be 
valid. The output-voltage swing would be only 1V in 
50 nsec, or 20V/psec—well within the slew limit of 
50V/psec. This wave would pass unimpaired. 

As long as the equation implies that dVour/dt is less 
than or equal to the specified slew rate, the speed at 
which the amplifier’s output can change is given by 
the equation; otherwise, the device’s actual dV oyr/dt 
is equal to the slew rate. Incidentally, this discrepancy 
is the reason why many manufacturers specify both 
large-signal and small-signal bandwidths on their op 
amps and similar components. 

Real-world analog systems often process signals of 
continuously varying amplitudes and frequencies, and 
components pass in and out of their linear ranges 
often and quickly. An accurate simulation requires a 
model that accounts for both large- and small-signal 
behaviors. 

The problem with modeling these systems is that 
the same physical components affect both the slew rate 
and the op amp’s linear response. These components 
include the device physics of the transistors, the bias 
current selected by the manufacturer, and the parasitic 
capacitance (C,). If you chose to use the chip’s actual 
schematic for the model, you’d have to find values for 
these attributes that would simultaneously produce re- 
sults for the rising slew rate, the falling slew rate, and 
the linear response. 

Fig 1 presents an easier way to model analog behav- 
iors. Though it bears little resemblance to the actual 
chip, this circuit lets you separate the linear and the 
two nonlinear responses (rising and falling slew rates 


| OFFSET VOLTAGE 4 
Vv 


GAIN=10° GAIN=1 


Fig 2—In many cases, the model looks nothing like the component that it’s mimicking. This model, derived from the model in Fig 1, | 


may be different) and independently assign parameters 
to them. A single-pole gain block models the linear 
response. A differentiator block differentiates the lin- 
ear output voltage, and the two diode-and-battery 
clamps—along with the current source and resistor— 
determine the specific range of the derivative dV/dt. 
Finally, a 1/s function block re-integrates this voltage 
(you could also use a current source and capacitor). 

The two diode clamps limit dV/dt, the rate of change 
of the output voltage. By limiting the derivative, you 
can independently assign the linear response and the 
rising and falling slew rates. 

This description outlines the basic procedure for 
modeling analog behaviors. Unless you specifically de- 
sign in characteristics of the actual device, those attrib- 
utes won’t appear in the model. For example, one prop- 
erty of an op amp’s topology is pole splitting, in which 
increasing the compensation capacitance actually 
causes the second pole of the linear response to increase 
in frequency, further stabilizing the amplifier. The 
model in Fig 1 doesn’t include pole-splitting effects 
and may give poor predictions under certain circum- 
stances, such as when you use uncompensated, high- 
bandwidth op amps in low-gain applications. 

Fig 2 is a more complete model that does exhibit 
pole splitting; it uses the structure from Fig 1 and 
implements a few additional behaviors. For example, 
a single resistor implements open-loop output imped- 
ance and a single source models input offset voltage. 
Notice that both of these behaviors are isolated; chang- 
ing their value doesn’t affect the rest of the model. 

To simulate these analog systems, you can use a 
popular analog-circuit simulator such as Spice. In addi- 
tion, you can add some digital logic to your mostly 
analog systems and still simulate with Spice. Adding 
the digital logic, however, requires some modeling sup- 
port: logic-gate and switch-level building blocks are 
essential. From these simple models, you can build 
more complex models. 


OUTPUT 
IMPEDANCE 


also accounts for open-loop output impedance and input offset voltage. 
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ee 
Consider your models to be black boxes; as 
long as they mimic the external characterts- 
tics properly, the models’ internal operation 
ist important. 


The circuit in Fig 3, for example, implements an 
analog-to-digital converter of variable precision. Once 
you've built this model, you can then use it as a building 
block, or “primitive,” to emulate more complex systems. 

This model is based more on a mathematical idea 
than on any particular circuit, although it’s similar to 
a successive-approximation converter. The model is 
built from 1-bit converter cells. You can increase the 
precision by daisy chaining more stages together. 

The first step in building the model is developing a 
truth table that describes the behaviors you want to 
model. Consider, for example, a converter cell in which 
the digital output, B, indicates whether the input, A, 
exceeds the reference, Vpzr. The analog output, C, is 
the signal that the converter passes to the next cell 
in the chain. 

Fig 3 implements the behavior from Table 1. The 
comparator, 1C,, provides the digital output behavior, 
which determines whether the input signal is greater 
than or less than the reference voltage and supplies 
the appropriate signal at point B. The analog output 
behavior at C is slightly more complicated; it depends 
on the digital output. Input signal A drives the current 
source/resistor combination. If the digital output is 
high, then the circuit subtracts the reference signal, 
Veer, from reference A; otherwise, the circuit sub- 
tracts ground. 8, chooses between Ves and ground. 
If you were daisy chaining the models together, you’d 


I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
hn 


Fig 3—The analog portion of this mixed analog-digital model is 
complicated by the feedback of the digital signal, B. 
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Table 1—Converter-behavior model 


Condition 


then reference the next cell—or succeeding bit—in the 
chain to Vppy/2. 

You can use Spice and its derivatives for the simula- 
tion of more than just electronic circuits. Spice is a 
common tool for solving sets of simultaneous differen- 
tial equations. One example is the modeling of heat 
flow, for which you can build models easily. 

Consider the silicon transient suppressor. This de- 
vice is a type of zener diode that limits voltage or 
current impulses in a connection and converts the elec- 
trical energy to heat, thereby protecting more sensi- 
tive circuitry from damage. This device is useful for 
examining sophisticated analog macromodeling. 

General Semiconductor Industries (GSI) manufac- 
tures a line of transient suppressors under the trade- 
mark name “TransZorb” that have high thermal capac- 
ity and low series resistance. The 1.5KE Series can 
handle 1-msec impulse-wave transients as high as 
1500W. Consider a model from GSI’s 1.5KE line that 
can simulate transient suppression for accurate analy- 
ses of protective circuitry. For this analysis, the model 
should have certain features: the model’s breakdown 
voltage should change with junction temperature; the 
Junction temperature of the model should be a function 
of time and input power; the junction capacitance 
should be a function of reverse voltage; and the forward 
junction voltage should be a function of temperature. 
Finally, you should be able to use the same macromodel 
for the entire family of devices. 

The model should simulate a suppressor’s V-I charac- 
teristics and the dynamic thermal effects, which in- 
crease the clamping voltage, ultimately limiting the 
effectiveness of a transient protection scheme. For de- 
scriptive purposes, you can break the model into two 
sections. An electrical model describes the V-I charac- 
teristics of the device, and a thermal model calculates 
the power dissipation and describes the thermal charac- 
teristics of the silicon and its surrounding package. 

In Fig 4, which combines a thermal model from Ref 
3 and an electrical model from the device’s databook, 
components Rs, V;, and D, describe the reverse-break- 
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ee 
Analog components operate in both their 
linear and nonlinear regions, so build your 
models to emulate both small- and large- 
sygnal behaviors. 


down characteristics of the suppressor. These compo- 
nents allow the device to shunt current from A to B 
when voltage V, is exceeded. Resistance r, 1s a function 
of the breakdown voltage and plays an important role 
in determining the clamping effectiveness of the de- 
vice. The simulator calculates this resistance when you 
enter V, as a component value using the empirical 
relationship 


Y,=(2x10~%) (V,”). (2) 


Diode D, serves a dual purpose by simulating the junc- 
tion capacitance and the forward-bias characteristics 
of the unidirectional suppressor. R, models the for- 
ward series resistance of the device, and R; simulates 
leakage. 

You could use the electrical model alone to simulate 
the suppression of low-energy, short-duration pulses. 
For higher-energy pulses, the model must take into 
account the positive TC of the breakdown voltage. 

The thermal model simulates a temperature rise by 
employing the electrical analogues for heat (current) 
and temperature (voltage), a method which both Refs 
3 and 4 describe in detail. 

A voltage-controlled current source (VCCS), I, 
senses the instantaneous input voltage applied to the 
device; VCCS I, tracks the current through the sup- 


20 7000 pF 


Fig 4—You can use simulation models to 
emulate thermal effects in addition to mod- 
eling voltage and current characteristics. 
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pressor using R, as a sense resistor. Multiplier F, calcu- 
lates power dissipation (P= V x I), and VCCS I, trans- 
lates the result to a current so that 1A corresponds 
to 1W. 

The network of resistors R, through R, and capaci- 
tors C, through C3, which you should choose to match 
the time-domain thermal response of the 1.5KE Series 
suppressors (JEDEC numbers 1N6267_ through 
1N6303), represent the thermal resistance and thermal 
mass of the TransZorb. In the model in Fig 4, heat 
flows through the thermal impedance to a final baseline 
temperature, represented by battery V3. The baseline 
voltage, amb, relates to the user-specified ambient 
temperature, t,, using 


amb=t,—27, (3) 


where 27 represents the Spice-analysis default tem- 
perature of 27°C. | 

Battery V, translates the baseline temperature to 
its Celsius value, allowing you to read the instantane- 
ous junction temperature directly as an output voltage 
on probe C (1V=1°C). To complete the thermal model, 
the voltage source V, translates the temperature rise 
at the point T to an incremental increase in breakdown 
voltage through the scale factor TC. When you enter 
the breakdown voltage (V,) into the model, the simula- 
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You can build thermal models using electri- 
cal analogues for the heat and temperature 
of the component. 


tor uses the model to calculate TC like the series resis- 
tance. According to the manufacturer’s data, the em- 
pirical relationship for TC is 


TC=(8.08x 1074) (V,)"). (4) 
Source V; simulates the temperature coefficient of the 
diode’s forward-voltage drop, using a typical value of 
=—2. mV G, 

The resulting model allows you to observe the clamp- 
ing action, the effectiveness of the TransZorb diode 
at high temperatures and current, the simulated junc- 
tion temperature, and the instantaneous input power. 
By entering the parameter V, in the model in Fig 4, 
you select the device type for a low-voltage, unidirec- 
tional clamping suppressor in the 1.5KE Series (Models 
1.5KE6.8 through 1.5KE100). 

Fig 5 shows the simulation of a transient overload 
condition and illustrates the performance of a unidirec- 
tional model. When the simulator applies 1-msec, 2A 
spikes to a 110V suppressor, the device’s voltage (mid- 
dle trace) rises slightly beyond the specified breakdown 
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Fig 5—In this simulated response to a series of current spikes, the 
junction temperature droops with time, simulating heat dissipation. 
a ee ee 
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voltage because of series resistance. During the sup- 
pression of the transient, the junction temperature 
(bottom trace) increases quickly. You can confirm the 
Junction temperature’s rise using the readout pin, 
which indicates that the device remains within a safe 
thermal operating range during the analysis. One inter- 
esting effect shown in the model is that the absolute 
breakdown voltage changes as the temperature in- 
creases. Fig 5 illustrates this effect as a positive slope 
in the V-breakdown waveform during the three appli- 
cations of power. The simulation evaluates how much 
transient energy this protection scheme can absorb 
before damage occurs to either the circuitry in parallel 
with the suppressor or to the protective device itself. 


Watch out for these model failures 


The consequences of using inadequate models in 
simulation range from minor glitches that require fur- 
ther analysis to expensive manufacturing failures. In- 
accurate models come in two types. The first type 
simply doesn’t emulate the behavior that will destroy 
your circuit. For instance, a model that doesn’t include 
temperature variance won’t represent how the device 
will operate outside a narrow range of operating condi- 
tions. This type of omission is insidious; the model may 
perform perfectly in simulation, even though the actual 
device fails in operation. 

In the second type of inaccurate model, the model 
provides a wrong answer in simulation, either because 
of erroneous data or because the model was constructed 
erroneously. This type of model inaccuracy is some- 
times easier to spot. If you find problems of this sort, 
you'll have to go back and re-examine the construction 
of your black box. 

The key to avoiding these problems is to know be- 
forehand which behaviors you need to model. Also, 
keep in mind that even though the mathematical model 
itself is “perfect,” the chips you use vary from unit to 
unit, and this component variance can seriously impact 
factory yields. To save yourself time and trouble and 
ensure that your model always works, simulate worst- 
case as well as best-case scenarios. 
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(213) 849-2481 - (818) 842-7277 - FAX (818) 848-8872 


See us at Electro — Booth 5224 
CIRCLE NO. 13 175 


, the engineers 
Ow who to call: Rockwell 


22bis family provides 


apabi ities nobody else 


stsaned the industry with its 
RC2Z sie 1e ab tiaieds first 


And-how this one compact 
component offers CCITT 


They hear how it provides HDLC/ 
SDLC framing for implementing MNP 
5™ X.25, LAPM and V2 protocols, 
while offering unprecedented pro- 
gramming flexibility for custom an 
country-specific applications. 


‘And then we met the rest of 
the family.” 


A Rockwell technical advisor explains 
that it's the only chip set with Quad 
capability that meets CCITT 
V.22bis, V.22A/B, V.21 and V25 
requirements, as well as Bell 
212A and 103 standards. He 
adds that the RC2324SME ~ 
offers capabilities optimize: 
for Europe, including MNP 
5“ and Y.25Dis. | 

In no time, the Lapto 
project is ready for produc- 
tion. To management, the 
results—as well as the engi- 
neers responsible—couldnt 
look better. 

Call the leader in modem 
technology. Rockwell is 
solutions. 


A Rockwell International 


..where science gets down to business 


Aerospace/Electronics/Automotive 
General Industries/A-B Industrial Automation 


Semiconductor Products Division 
Rockwell International 
P.O. Box C, M.S. 501-300 
Newport Beach, CA 92658-8902 
(800) 854-8099 
In California, (800) 422-4230 CIRCLE NO. 82 _ 
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Now acheap off-the-shelf 


Here’s what you get. 

¢ Short Circuit Protection 

¢ Status Indication 

¢ Current Overload Protection 

¢ Optical Isolation 

¢ TTL & CMOS Compatible Control 


¢ Built to meet the requirements 
of MIL-R-28750. 


e Cost Effective 


ACTUAL SIZE 
CERAMIC PACKAGE 


SSR that puts you in control. It lets 
you control the cost 
and the system’s function in 
military applications. 


PART # CD21CDW 


Review the electrical characteristics and call us for immediate application assistance.* 


= sa Ss Se es Ss 0 
Bee ose nae ee ee See Note 1 


Bias Current (lois) [60 mAs = 5¥0c | 


Control Voltage (Vin) 
Control Current (Ij) 


CTun-OFVoltageVivior) CCPC CS 
Turn-On Voltage Vin (on) 0.3 

Continuous Load Current 12 A 
Ikon @ 60VDC A 
TOn-Resistance (Ron) SsC—=“‘~‘~itCSC‘“‘“‘<‘;~*tS!SCHCT COs 
tumn-OnTimetTon) CC‘ Ts CS 
CTurn-OffTime (Tor) ——Ct=“‘“‘~*tSSSSSSC*dSCi‘i Ts CS 
a an 


Notes: 1. Series resistor is required for bias voltages above 6Vpc. RS = (Veiag— 6 Vpc)/15 MA 
2. Apull up resistor is required for the status output. Retatus = (Vstatus — 9.3)/Istatus 
3. Output will drive loads connected to either terminal (sink or source). 
4. Status circuit is a built-in test feature checking the input circuitry of the relay. Status output is low (on) 
when the input is on. 


All power FET relays may drive 
loads connected to either 
positive or negative referenced 
power supply lines (Source or 
sink modes). 


VstaTus RsTATUS 
O STATUS OUTPUT 


: 
e LOAD K+-O 
VBIAS a 
RELAY CASE —> 
u 1 LOAD KO 
CONTROL ; ~7 >" RETURN 


“g@ TELEDYNE SOLID STATE 


A Division of Teledyne Relays 


*For immediate application assistance call 1-800-284-7007. 


Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250. 
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EZ-Pro™ 1.5 price performance leader for 
8-bit in-circuit emulation. 


EZ-Pro 2.1 industry workhorse for 
16-bit and 8-bit designs. 


without — 
ompromise 


Power in selection—System 
support for more processors than any 
other manufacturer in the world. 
Power in product range to match your 
needs—from economical basic con- 
figurations to fully featured systems. 


Power in performance—Completely 
integrated capabilities include options 
such as versatile trace, performance 
analysis, EPROM programming, C 
source level debugging, over 100 
personality modules with a common 
universal platform for different proc- 
essors, C cross compilers, cross 
assemblers and more. 


Power without compromise—aAll 
invented here. Supported here. And 
available to rent or purchase now. 


Free Demo Disk! 


See how easily you can use these . 
sophisticated development tools. Our 
marketing department will ship your ~ 
demo disk today. Please Call: 


(714) 731-1661 


Ja american 
2 automation Headquarters: 2651 Dow Avenue, Tustin, California 92680-7207 


Telephone (714) 731-1661. European Headquarters: UK Oxford 993 778991. Distributors: Australia 3-5601011,. Belgium 2-4681400, 
France 1-69308050, India 418387, Indonesia 22-71880, Italy 2-50722282. Korea 2-7849942, Spain 1-7291155, Switzerland 1-4354111. Taiwan 


2-/368150, West Germany 89-6127087. 


EZ-Pro is.a trademark of American Automation Inc. 
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DESIGN IDEAS 


EDITED BY CHARLES H SMALL 


High-voltage amp drives transducers 


Don Michalski 
University of Wisconsin Space Astronomy Lab, 
Madison, WI 


The high-voltage amplifier in Fig 1 provides 1500V at 
2 mA to capacitive loads such as piezoelectric transduc- 
ers. The amplifier’s frequency response, however, is 
only a few hertz. 

Photovoltaic isolators IC, and IC, bridge the low- 
voltage input section of the circuit and the high-voltage 
output FETs. The photovoltaic isolators produce an 
output voltage proportional to the current flowing 
through their input photodiodes. Operating the input 
photodiodes directly from the supply rails and in series 
with op amp IC,’s power pins minimizes crossover dis- 
tortion. 


1N4150 1 


1N4150 


~12V O 


0 TO 5V ex = abe > 
INPUT 0 


—12V 


0.05uF Rp 


NOTE: IC, AND IC, ARE PVI5100s FROM INTERNATIONAL RECTIFIER (EL SEGUNDO, CA) 


Resistors R;, Rg, Rg, and Ry divide the high-voltage 
supply equally across the output FETs (750V max 
each). Because each FET has only a 1-kV rating, the 


circuit stacks several of them to achieve its 2-kV rating. 


Zener diodes D3, D,, D;, and Ds protect the FET’s 
gates and do not normally conduct current. 

R, and R,, determine the gain of the output stage’s 
transconductance amplifier. The values of C; and Ry 
ensure stability for a 1-~F-max capacitive load. R43 
and C, limit the input signal to a few hertz to prevent 
the unequal distribution of the high-voltage supply 
across the FETs at higher frequencies. 
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1500V IN 
(150 pA STATIC) O 


MTP1N100 oon 


: wren 


MTP1N100 


1M 
1N758A 


0 TO 1500V 
OUTPUT 


10M 5 kV MTP1N100 


Rio 
1M 
1N758A 


Fig 1—This high-voltage, low-frequency amplifier can safely drive capacitive loads such as piezoelectric transducers. 
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Resistor array debounces D flip-flop mixer 


Milton Watts 
Quartztronics, Salt Lake City, UT 


The circuit in Fig 1 overcomes the major limitation of 
mixers based on D flip-flops: output jitter arising from 
input phase noise. Simple D flip-flop mixers just apply 
the two frequencies to be mixed to the flip-flop’s D 
and clock inputs. In the best of all possible worlds, the 
flip-flops’s output would be the beat frequency between 
the two input frequencies. 

In the real world, input phase noise can cause the 
output to toggle erratically when the two input fre- 


quencies are close together in frequency and phase. 
This circuit uses a chain of D flip-flops configured as 
a delay line to drive a resistor array in a single in-line 
package. The circuit’s output does not change state 
unless the phase difference between the inputs persists , 
for at least four clock cycles (Fig 1b). Therefore, the 
circuit is usually immune to jitter at the first flip-flop 
in the chain. 
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R, = 8-PIN, 33k SINGLE IN-LINE PACKAGE 


(a) IC, = 74HC174 


Fig 1—The enhanced D flip-flop mixer in (a) does not respond to changes at its input unless the changes persist long enough to traverse 


the D flip-flop delay line (6). 
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SPECIFICATIONS 


MODEL 


MAR-1 
MAR-2 
MAR-3 
MAR-4 
MAR-6 
MAR-7 
MAR-8 


NOTE: Minimum gain at highest frequency point and over full temperature range. 


FREQ. 
MHz 


DC-1000 
DC-2000 
DC-2000 
DC-1000 
DC-2000 
DC-2000 
DC-1000 


de to 2000 MHz 
amplifier series 


Unbelievable, until now...tiny monolithic wide- 


00 S000. wi *MAX. NF PRICE $_ band amplifiers for as low as 99 cents. These rugged 
In. ; a. . H H H 1 * 
MHz MHz MHz (note) dBm ' 0.085 in.diam.,plastic-packaged units are 50ohm 

185 155 — 130 0 50 099 (100) input/output impedance, unconditionally stable 
130125 11 85 +3 65H 1.50 (25) regardless of load*, and easily cascadable. Models 
tee oe ee a in the MAR-series offer up to 33 dB gain, 0 to 

20 119 0 ae i; (25) +11dBm output, noise figure as low as 2.8aB, 

135 125 105 85 +3 O 4, (25) : 

i oe ae Sa oe oe and up to DC-2000MHz bandwidth. 


®@ 1dB Gain Compression 


0 +4dBm 1 to 2 GHz 


designers amplifier kit, DAK-2 
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*MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 
Stable for source /load impedance VSWR less than 3:1 


Also, for your design convenience, Mini-Circuits 


Size Tolerance Temperature 


5 of each model, total 35 amplifiers [ly er 


80 x 50 10% X7R 
only 5 ; 5 120x60 10% X7R 
; Minimum Order 50 per Value 

e Designers kit, kKcap-1,50 pieces of 
fin din g new ways a each capacitor value, only $99.95 


setting higher standards 


CJ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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offers chip coupling capacitors at 12 cents each.t 


Value 


10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
2200, 4700, 6800, 10,000 pf 
022, .047, .068, .1pf 


C113-Rev. D 
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Routine finds magic numbers 


Russ Parker 
Hewlett-Packard, Palo Alto, CA 


The Turbo Basic program in Listing 1 quickly finds 
the “magic numbers” for an integer fraction that closely 
approximates a given decimal. An example is the frac- 
tion **A0s, which is only 0.00008 less than 7. However, 
the program is set up to select two standard-value 
resistors for a voltage divider. 

The key to the routine’s speed is its presorted data. 
Study the subroutine “ldat,” which generates a list of 
resistor values algorithmically. You should always use 
such an algorithmic technique for any component-value 
program rather than brute-force tables. 

The program checks to see how closely the ratio of 


the numerator resistor and denominator resistor 
matches the desired output of the voltage divider. If 
the ratio is less than the target voltage, it increases 
the numerator; if the ratio is greater than the target 
voltage, it increases the denominator. When the ratio 
matches your accuracy limit, the program stops. 

Send a self-addressed, stamped envelope for a pro- 
gram listing; send a self-addressed, stamped floppy 
disk for a copy of the program. The address is Russ 
Parker, c/o Hewlett-Packard, 3500 Deer Creek Rd, 
Palo Alto, CA 94303. = 
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N-CHANNEL AND P-CHANNEL 
ro71 | JFETSANDMOSFETS 


STANDARD JEDEC 2N TYPES * QPL APPROVED JAN, 
JANTX AND JANTXV + CUSTOM DEVICES, SOURCE 
CONTROL DRAWINGS 


FEATURES 
e Low Input Current (Down to Subpicoamp) 

e High Input Impedance (Up to High Meg Range) 

e Low Noise (Down to the 10nV/VHz Range) 

e High Frequency Operation (Up to the GHz Range) 


Call 1-800-888-8763 for further information. 


_Aalitron 


Devices, Inc. 
1177 Blue Heron Blvd., Riviera Beach, Fl 33404 
TEL: (407) 848-4311 FAX: (407) 863-5946 
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PRECISION THIN FILM RESISTOR 
NETWORKS AND CHIPS 


STANDARD AND CUSTOM PRODUCTS FOR MILITARY, INDUSTRIAL 
AND COMMERCIAL APPLICATIONS FEATURES 


e Hybrid Chip Resistors and 
Substrates 

e Microwave Chip Resistors, 
Attenuators and Terminations 

e Silicon or Ceramic Substrates 

e Passivated Nickle-Chrome 
Resistors 

e Passivated Tantalum-Nitride 
Resistors 

e Ratio Matching as Good as 
+ 0.005% 

e Low TCRs: + 50PPM/°C 

e MIL-STD-883 Screening 


Call 1-800-888-8763 for further information. 


_Aolitron 


Devices, Inc. 
1177 Blue Heron Bivd., Riviera Beach, Fl 33404 
TEL: (407) 848-4311 FAX: (407) 863-5946 
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8032 emulates itself 


Tadeusz Jarosinski 
FMiK ERA, Warszawa, Poland 


The 8032 emulator in Fig 1 takes commands from its 
host computer via Port A of the 8155 programmable 
interface adapter, IC,. IC., and IC, decode the host’s 
reset signal to the 8032 to begin an emulation run. The 
emulator’s debug monitor resides in the 2716 EPROM, 
ICyy. It uses IC,’s 256-byte internal RAM for tempo- 
rary storage. 

The debug monitor accepts commands to read and 
write to the 8032’s internal data RAM and special- 
function registers as well as external program and data 
memories. The debug monitor uses the LCALL in- 
struction to set software breakpoints in the emulator’s 


188 


“round values 


64k-byte max external memory (IC,) and IC,,). 
Additional circuitry determines which memory space 
the 8032 will access when executing the debug moni- 
tor’s MOVX @DPTR, A and MOVX A, DPTR instruc- 
tions. Switches SW, and SW, let you emulate the WR 
and RD pins as bidirectional I/O ports P3.6 and P3.7. 
Contact the author directly for information about 
obtaining a programmed 2716 or MS-DOS souree files: 
Tadeusz Jarosinski, Design Engineer, FMiK ERA, De- 
sign Office, Liebniza 3, Warszawa, Poland, 01-481. 
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74HCT4050 ae 
SS 


6 
74HCT4050 D 1 
of 5 ia. 


74LS32 


TO EMULATION PLUG 


Fig 1—This 8032 emulator has a single-chip ~P that connects directly to your target system. 
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74LS138 


MAIN COMPUTER BUS 
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$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Title Phone 


Company 
Division (if any) 
Street 


City State 


Country Zip 
Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 


Date 


: ISSUE WINNER 

1e winning ee Idea for the Januar 
entitled ‘Single IC senses optical inter 
itted by Joao Paulo Sousa of Instituto 
serene e Sens, aes | 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


Mac cracks SCSI 


Byron Miller 
Data Myte, Minnetonka, MN 


With the aid of a Lightspeed C V3.0 program and a 
DB25-to-DB50 cable, you can use your Macintosh Plus, 
SE, or SE/30 as a SCSI bus-station monitor. The moni- 
tor program announces the bus’s current status and 
phase information. Because the Macintosh handles just 
single-ended mode operation, the monitor can observe 
only a single initiator/target or a pair of initiator/tar- 
gets having the same configuration. 

For a hard copy of the program, send a self-ad- 
dressed, stamped envelope to EDN. To obtain a disk 
copy, contact Byron Miller at 2004 Second Ave N, 
Minneapolis, MN 55405. EIDINI 
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UNIVERSAL INPUT 
ESPO22Il 
Low Profile Switching Power Supply 


FEATURES 
o Low Profile Under 1" 


High 
o Universal Input 90-260 VAC 
o Up to 4 Outputs Available 
o 60,000 Hour Minimum MTBF 
o Built-In EMI Filter Meets VDE Class B 
o All Outputs Fully Regulated 
o Ul, CSA, TUV (VDE) Approved 


Send for Free Catalog 


TOTAL POWER ene = 


418 Bridge Street, Lowell, MA 01850 Tel. (508) 453-7272 
Fax: (508) 453-7395 
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Murata Erie Components. 
A Perfect Fit For Power Supplies. 


Around the world and in thou- 
sands of high voltage and miniaturized 
power supply designs, Murata Erie elec- 
tronic components are proving to be the 
perfect match in meeting todays most 
critical production and performance 
requirements. 

From ceramic disc and high voltage 
capacitors to trimming potentiometers 
and high voltage resistors. From EMI/ 
RFI filters and NTC thermistors to focus 
controls and a myriad of SMD devices 
including chip monolithic capacitors. 
Murata Erie has your power supply solu- 
tion available today, off-the-shelf. And, 
approvals include UL, CSA, VDE, SEV, 
SEMKO, BS and more. 


Our position as the world’s lead- 
ing manufacturer of electronic com- 
ponents is your assurance of on-time 
delivery, competitive pricing, product 
availability and ship-to-stock quality. 
You can also count on the support of 
Murata Erie’s uniquely qualified applica: 
tions engineering staff. 


VISIT US AT ELECTRO BOOTH NUMBERS 1934, 1936, 1938 


It's this type of commitment that 
has forged a solid reputation with those 
who design and build power supplies. 
And it’s why you'll find Murata Erie's com- 
ponents the preferred choice for even the 
most sensitive medical, industrial, com- 
mercial and military electronics systems. 

For technical information write to 
Murata Erie North America, 2200 Lake 
Park Drive, Smyrna, Georgia 30080 or 
call 404-436-1300. To order literature call 
1-800-831-9172. 
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To EDN readers, for consistently voti 
EDN your favorite electronics 
publication. 
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_ BUENOS AIRES 
(01) 541-4261 - 
Australia 


ARTARMON 

(02) 439 3322 
WEN 
(0222) 60 101-820 


Belgium 
BRUXELLES © 
(02) 5256111 
Brazil 
SAO PAULO-SP 
(011) 211-2600 
Canada 
SIGNETICS 
ETOBICOKE 
(416) 626-6676 
Chile 
SANTIAGO 
(02) 77 38 16 
Colombia 
BOGOTA 

(01) 249 7624 
Denmark 
COPENHAGEN 
01-5411 33 
Finland 
HELSINKI 
358-0-50 261 
France 


ISSY-LES-MOULINEAUX 


(01) 40 93 80 00 


Germany (Fed. Republic) 


_ HAMBURG 
(040) 3296-0 

Greece 

TAVROS 


(01) 48 94 339/48 94 911 


Hong Kong 
KWAI CHUNG 
(0)-42 45121 
India 
BOMBAY 


(022) 49 30 311/49 30 590 


indonesia 
JAKARTA 
(021) 517995 
Ireland 

DUBLIN 

(01) 69 33 55 


(02) 6752.1 
Japan 
TOKYO 
(03) 740 5028 
Korea (Republic of} 
SEOUL 
(02) 794-5011 
Malaysia 
PETALING JAYA 
(03) 73 45511 
Mexico 
MEXICO 
(16) 18-67-01/02 
Netherlands 
EINDHOVEN 
(040) 78 37 49 
New Zealand 
AUCKLAND 
(09) 605-914 
Norway 
OSLO 
(02) 68 02 00 
Pakistan 
KARACHI 
(021) 7257 72 
Peru 
LIMA 
(014) 70 70 80 
Philippines 
MAKATI-RIZAL 
(02) 86 89 51 to 59 
Portugal 
LISBOA 
(019) 6831 21 
Singapore 
SINGAPORE 
35 02 000 
Spain 
BARCELONA 
(03) 301 63 12 
Sweden 
STOCKHOLM 
(0}8-78 21 000 
Switzerland 
ZURICH 
(01)488 22 11 
Taiwan 
TAIPEI 
(886).2.5005899 
Thailand 
BANGKOK 
(02) 233-6330-9 
Turkey 
LEVENT/ISTANBUL 
(01) 17927 70 
United Kingdom 
LONDON 

(01) 580 6633 
United States 
SIGNETICS 
SUNNYVALE 
(408)991-2000 
Uruguay 
MONTEVIDEO 
(02)70-40 44 
Venezuela 

_ CARACAS 

(02) 241 7509 
Zimbabwe 
HARARE 
47211 


196 


THE NEW PHILIPS IST-BUS: ISDN COMPATIBILITY IN TODAY'S ANALOG WORLD. 


With ISDN (and today’s end-user) in mind, 
Philips Components introduces the Integrated 
Services Terminal (IST) bus. This low-cost LAN 
offers all the benefits of ISDN. Yet, it can be in- 
tegrated into any existing analog system, 


thereby bridging the gap between today’s world 
of intercoms, keyphones and PABX systems 
and the fully digital world of ISDN. 
So simple, so versatile, so inexpensive. 
The IST-bus is an easy-to-install, low-cost 


pair of twisted wires, in many cases existing 
phone wires. Terminals, including telephones 
and PCs, are connected via our PCB2310 
single-chip, IST-bus interface at any point 
along the bus. — 
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We've made the IST-bus ISDN-compatible 
by using an 8 kHz synchronized frame and 
64 kbit/s channels. The IST-bus also offers the 
advantages of direct, internal communica- 
tions, including conferencing and call transfer. 
All this versatility is available at a fraction of 
the price of other ISDN-compatible systems. 


0 COMMUNICATE IN ISDN. 


It's ready now. 
To see how the new IST-bus can immedi- 

ately make your products ISDN-compatible, 

simply contact your nearest Philips office for 

an evaluation circuit board. Or for a complete 

information packet. 

ICs for Telecom 
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PHILIPS 
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Increased density has challenged our 
engineers for quite some time. 
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More capability in less space. That's our goal. 
At Precision Interconnect we pursue it every day for 
the world's scr etal equipment manufacturers. 
Working with strict mechanical and electrical 
requirements, we design and produce complete 
interconnect systems. We manufacture microminiature 
cables with conductors as small as 42 AWG and 
terminate them to our standard line of Micro-D and 
linear strip connectors with .050"(1.27mm) centerline 


Linear strips add modularity to the termination 
scheme for this Precision Interconnect 
multi-coax cable assembly. 
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spacing. Custom and nano strip connectors with 

025" (.64mm) spacing can also be assembled. When 
applications require even more density, multiple flexing, 
Or protection from harsh environments, we incorporate 
specific features to meet those needs. 

Qur expertise, increasing with each unique 
problem we solve, ensures that all critical components 
of your interconnect system are designed in, built in, 
and tested. And that system will be as compact and 
reliable as possible. Because at Pl, space has always 


been a precious commodity. 


Just give us a Call. 
PRECISION 
INTERCONNECT 


16640 S.W. 72nd Avenue 
Portland, OR 97224 
(503)620-9400 


Offices in San Francisco, Dallas, 
Wilmington and Dusseldorf. 
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Powering 3.3V Digital Systems 


Dennis O'Neill 


The new generation of high density digital devices requiring 
3.3V power supplies impose some unique constraints on 
power supply designers. In nearly all cases the computers us- 
ing these devices already have a 5V system supply. Deriving 
the 3.3V supply from the existing 5V rail permits system up- 
grades with a simple on-card solution. In many cases the SV 
rail is the only supply available, mandating this approach. 
The first decision to be made is whether to use a switching 
regulator or a linear regulator? Switchers have a clear effi- 
ciency advantage when there is a large difference between 
the input and output voltage, but that advantage diminishes 
as the input voltage approaches the output voltage. 


Simple calculations show that the efficiency of a switcher is 
marginally better in this application. Assuming a nominal input 
voltage of 5.0V and an output voltage of 3.3V, the efficiency of a 
linear regulator, (T1083 type Figure 1A), independent of output 
current, is simply 3.3V/5.0V =66%. For a switcher (Figure 1B) 
the efficiency is tougher to calculate. With only 5V available a 


Figure 1B. Buck Switching Regulator 


PNP switch must be used, a MOSFET is not practical due to its 
gate drive requirements. The average inductor current will be 
equal to the load current. The duty cycle is determined by: 


DC =(Vout + Vp)(Vin - Vsat - Vp) 


where Vout = 3.3V, Vin = 5.0V, Vsat = Vce Sat. of Qs, Vp = for- 
ward voltage of D1. 


Assuming Vce sat. of Qs to be 0.6V at a forced Beta of 10 and 
the forward voltage of D1 to be 0.6V, (using a Schottky diode; 
a silicon diode would be closer to 1V at rated current), the 
formula indicates an 80% duty cycle. Significant power 
losses are listed below. 


Switch Saturation Voltage  — (0.6V) (1.0A) (80%) = 0.48W 
Switch Base Current (5.0V) (0.1A) (80%) = 0.40W 
Diode Forward Voltage (0.6V) (1.0A) (20%) = 0.12W 
Inductor Voltage (0.1V) (1.0A) (100%) = 0.10W 
Switching Transients =0.10W 
Rsense Voltage (0.1V) (1.0A) (80%) = 0.08W 
P.W.M. Circuit (5.0V) (0.02A) (100%) = 0.10W 


1.38W 


The efficiency is Power Out/Power In = 3.3W/(1.38W + 3.3W) 
~70%. This says that the switcher could be more efficient, 
but by a small margin (4%). Other considerations, such as 
noise filtering, further decrease the switchers efficiency. In 
addition, circuit design becomes complex. For example, 
short circuit sensing in the emitter lead of Qs might require 
generating another supply greater than 5V to power the 
sense amplifier. Also, some form of adaptive base drive is 
needed to maintain efficiency at light loads. 


When the small efficiency gain of a switcher is balanced 
against the advantages of a linear regulator (superior 
transient response, low noise, and ease of design) it 
becomes clear that the linear regulator is the best choice in 
this application. 


Regulator Design 


Figure 1A shows a basic linear regulator circuit utilizing an 
LT1083 adjustable low dropout regulator. These devices, 
specified for dropout voltage at several points over their 
operating current range, are ideal for this application. 
Nominal tolerance on the 5V rail in most systems is +5% 
(4.75V to 5.25V). If the regulator dropout voltage is at the 
upper extreme of its specification (1.5V at maximum current 
and temperature for LT1083 family) it would still be able to 
supply 3.25V to the memory devices when the 5V rail is at the 
low end of its specification (4.75V). This is well within the 
allowable digital supply voltage range of 3.3V+10% 
(3.0V-3.6V). 


LT1083 family behavior in dropout is benign. Once the device 
enters dropout the output simply follows the input. There is 
no increase in quiescent current during dropout as is 
common in PNP type regulators. The basic regulator circuit 
shown in Figure 1A supplies currents up to 7.5A. The device 
has all the normal protection features associated wth high 
Current supplies, such as thermal and short circuit 
protection. 


At currents greater than 7.5A several LT1087’s are used in 
parallel (Figure 2). The LT1087 is the newest member of the 
LT1083 family. The device is a version of the LT1084 with two 
additional sense pins and is available in a 5-pin TO-220 
package. When tied together the sense pins are used to 
Kelvin sense the output voltage. When used separately they 
form the inputs to a differential amplifier whose output 
changes the devices 1.2V reference voltage. 


In Figure 2 the master LT1087’s sense pins are tied together 
and connected to point A. This device senses and controls 
the output voltage using the Kelvin sense feature. R3 and C1 
filter the voltage fed back to the sense pins. At low frequen- 
cies the output pin voltage of the master LT1087 is forced 
positive by the internal loop to maintain point A at the de- 
sired 3.3V value. This voltage is set by the ratio of R2/R1 ac- 
cording to the formula in Figure 2. The voltage across Ry is 
proportional to the load current. 


The slave unit operates differently. This device senses the 
voltage across Ry and adjusts the voltage across Rs to be 
equal, effectively forcing this device to output a current equal 
to the master unit. The differential gain from the sense pins 
to the output is low (11), so to make the devices share current 
equally, Ry and Rs need to be scaled Ryy/Rs = 1.0/0.9. R4 and 
C2 filter the feedback to the slave unit. The minimum load 
current for the total circuit is 10mA per device. R1 and R2 can 


MASTER ° R3 


FOR PARALLELING MORE THAN TWO DEVICES — DUPLICATE SLAVE SECTION. 


MINIMUM LOAD CURRENT =(10mA) ( # OF DEVICES i. PARALLEL) 
R1, R2 NETWORK CAN BE USED AS THE MINIMUM LOAD 


ae 8mQ2=10” OF #20 A.W.G. SOLID WIRE (COPPER) 
=7.3mMN =9.1” OF #20 A.W.G. SOLID WIRE (COPPER) 


Vout = 1.25 (1+ 2) 
R14 


Figure 2. High Current 5V-3.3V Regulator 


be scaled to guarantee that the minimum load current spec 
will be met, and minimizes the output voltage error due to the 
adjust pin currents (50,A per device). The 10yF output capaci- 
tor is the minimum value needed to ensure stability. Larger 
Output capacitors will improve transient response. Ry and 
Rs are chosen so that the voltage drop across them, at full 
load current (5A per device) is 40mV. This value is chosen to 
be large enough to ensure proper current sharing without sig- 
nificantly degrading dropout voltage. As noted in Figure 2, 
Ru and Rs will be in the 7mQ-8mQ range. These values are 
small enough to be made from either short lengths of wire or 
from carefully laid out PC traces. The absolute value of these 
resistors is not critical, but the ratio of Riy:Rs should be 
maintained. 


The circuit as shown will source 10A. This capability can be 
increased, in increments of 5A, by duplicating the slave unit 
and properly sizing R1 and R2 to sink the additional 10mA per 
device. Coyts value may require adjustment upwards to 
maintain optimum transient response. 


Circuits using up to five units have been tested, but there is 
no limit to the number of slave units, other than limits on 
space. These regulators offer a simple solution to powering 
3.3V digital devices with almost no efficiency compromise. 
Low cost, space savings, and easy design make them attrac- 
tive for this application. 


For literature on Regulator Products, call (800) 637-5545. 
For applications help, call (408) 432-1900, Ext. 445. 


Linear Technology Corporation 
1630 McCarthy Bivd., Milpitas, CA 95035-7487 © (408) 432-1900 
FAX: (408) 434-0507 © TELEX: 499-3977 
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Actual output 


20 WATTS 


Actually meets 


MIL-STD-2000 
MIL-STD-810C 
MIL-S-901C 
MIL-STD-461C 
MIL-STD-704D 
NAVMAT GUIDELINES 


Mil/Pac™ high-density military power supplies. operate at temperature extremes from —55°C to +100°C. 


Introducing NDI DC-to-DC converters that meet an unprec- Mil/Pacs are designed with a field-proven topology that’s 
edented combination of military design demands. Plus been verified by rigorous environmental stress screening. 
having the highest power-to-volume ratios of any full-mil They're available with MIL-STD-2000, or without. Either way, 
qualified products. the specs are worth reading. 

Mil/Pacs come in 20W, 35W and 50W configurations, Just write us at 2727 S. La Cienega BI., Los Angeles, CA 


with single (5, 12, 15,24, 28V) and dual (+12V; +15V) outputs. 90034. Or call (213) 936-8185. 
They handle a wide 14V to 31V range of input. And 
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MIL-STD-1 772 Certified & Qualified 


If your next T/H-A/D design demands 


dynamic performance, relax. 


Micro Networks makes a_ complete 


family of t 
with internal, user-transparent — T/Hs. 

No “glue” logic required. Guaranteed 

specifications up to the Nyquist limit. Just 

plug in, power up and supply convert 

command. What could be simpler. To take Micro Networks’ Sampling A/Ds 


Ee eoccad Gut to are ideal for all wide-input 


your next DSP project 
bandwidth applications, especially 


. . ‘ . . . . 
designed in, call at (508) DSP applications in industrial, 
852-5400. Or return the coupon. military and aerospace programs. 
Features 12-Bit 16-Bit 
Easy-to-use. MN6249 MN6295 | MN6249 
Known 2MHz SOkHz ~~. 
Sampling Rate Sampling Rate courec >- nue 
performance. EES adh SNR 7 Ul OUPONCOUPONCOUPON 
PPT costed gad -72dB Harmonics & | -88dB © [| Please send me more 


information about Micro Networks 
Sampling A/D Converters. 


Harmonics & 
Spurious Noise 


Spurious Noise 


MN6774 


specified for DSP 
applications. 
[] Please send me the Micro Networks 


Available with 100kHz 20-Bit 
me : 1990 Short F Catalog. 
Environmental Sampling Rate MN5420 ane 
Stress Screening or 70dB SNR 320kHz [] Please have an applications engineer call me. 
Fully Compliant to -80dB Harmonics & Sampling Rate 
MIL-STD-883, Spurious Noise 120dB Dynamic . aa 
Method 5008. Range ame_ st CCCSC*éCTitdle 
16-Bit Floating 
Point Output OMNI MIS 
Address C—C—“‘—sCSCSCSCSC*&POTN|WW 
aa MICRO NETWORKS ” ae 


324 Clark St., Worcester, MA 01606 
Phone: (508) 852-5400 Fax: (508) 853-8296 


PRECISELY THE ANSWER. Is a Standardized Military Drawing product required? Yes L] No 


CIRCLE NO. 95 EDN041290 


My application is 


End the connec 


compromise... 


1. 100,000 CYCLE RELIABILITY 


2. LESS THAN 5 MILLIOHMS CONTACT RESISTANCE 


Only Hypertronics ends the compromise in multi-pin 
connectors for disk drive, plug in memory, and other 
high cycle life applications...by combining low insertion 
force contacts with high cycle life reliability...and 
electrical characteristics that improve with use. 

Our KA Series family provides 17 to 490 LIF contacts 
with optional terminals for flow solder, crimp, solder cup, 
wire wrap and surface mount use. The contact system is 
rated at 3 amperes per line at less than 5 millionms over 
a mechanical life in excess of 100,000 cycles. 

The inherent wiping action of each Hypertronics 
contact maintains electrical continuity under corrosive 
conditions and extremes of shock and vibration. Some 
models are QPLd to D55302. 


Now you can have it all...in signal connectors for 
equipment requiring up to 490 contacts. End the 
connector compromise by calling 1-800-225-9228, 
toll free. 


HYPERTAC®: Inserting pin into hyperboloid sleeve. 


HYPERTRONICS CORPORATION 


‘‘New Horizons in Connectors”’ 


16 Brent Drive, Hudson, MA 01749 (508) 568-0451 FAX (508) 568-0680 
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Only Inova gives you the speed you need in 
1-megabit monolithic SRAMs — available 
immediately in military, industrial and 
commercial temperature ratings. Our high- 
performance 128K x 8 SRAMs provide you 
with low-power, high-speed memory access 
to make your most advanced systems 
designs click. 


Military monolithic memories are an Inova 
specialty. Monolithic SRAMs outperform 
modules two-to-one in reliability. And ours 
is the only device to be specified on DESC 
drawing #5962-89598 for 1-megabit SRAMs. 


Inova was the first to fabricate high-speed 
1-megabit monolithic SRAMs and has been 
shipping them for more than two years. 
We're already working on the next genera- 
tion of high-speed, high-density 4-megabit 
SRAMs, designed as pin-for-pin upgrades 
of our 1-megabit devices. 


MONOLITHIC 
1-MEGABIT 
SRAMs 


ONLY FROM INOVA 


Device 


Temp. 
Number Organization Speed Package Rating 


5128K8-55 128K x8 55ns 32-pinDIP LC 
5128K8-70 128K x8 70ns 32-pinDIP M,LC 
S128K8-85 128K x8 85ns 32-pinDIP M,LC 
5128K8-100 128Kx8 100ns 32-pinDIP M,LC 
5128K8-120 128Kx8 120ns 32-pinDIP MI 
S128K8L-55 128Kx8 55ns 32-pinDIP LC 
S128K8L-70 128Kx8 70ns 32-pinDIP M,LC 
S128K8L-85 128Kx8 85ns 32-pinDIP MLC 
5128K8L-100 128Kx8 100ns 32-pinDIP M,LC 
S128K8L-120 128Kx8 120ns 32-pinDIP MI 


"L" suffix denotes 2.0V low-power data retention option 
*M = military (-55°C - +125°C); I = industrial (-40°C - +85°C); 
C = commercial (0°C - +70°C) 


408-980-0730 


inova microelectronics corporation 
2220 Martin Ave, Santa Clara, CA 95050 
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NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


50-GHz Digital 
Storage Oscilloscope 


@ Has four channels, two of which 
have 50-GHz bandundths 
@ Features built-in tume-domain 
reflectometry 
The 54124T digital storage oscillo- 
scope (DSO) is the first such instru- 
ment to offer an analog bandwidth 
of 50 GHz. It does so on two of its 
four channels; the other two chan- 
nels have bandwidths of 34 and 20 
GHz. The scope also performs dif- 
ferential time-domain _reflec- 
tometry; but unlike competitive in- 
struments that offer this capability, 
this instrument uses only one pulse 
generator. It thereby avoids errors 
that can result from skew between 
the opposite-polarity outputs of a 
pair of generators. Optional acces- 


16-Bit Analog Input And 
Output Cards For DSP 


@ Plug into and receive power from 
IBM PC bus 

@ Make 150k conversions/sec 

The ZPB1100 is an analog input 
card, and the ZPB2100 is an analog 
output card. Both full-length boards 
plug into the IBM PC bus but have 
no connection with the bus except 
to take power from it. The boards 
make 150,000 conversions/sec and 
use a buffered serial port to supply 
data to or take data from the 
vendor’s ZPB382, ZPB32HS, and 
ZPB34 DSP boards. The A/D board 
contains a trigger generator that 
you can program to start conver- 
sions from 74.9 to 150,000 times/sec. 
The D/A board can also trigger 
from this generator. The boards can 
accept external trigger signals as 
well. The A/D board, which offers 
single-ended or differential inputs 
and gain programmable from 1 to 
500, accepts several modular anti- 
aliasing filters from vendors other 
than the board vendor. Similarly, 
the D/A board accepts reconstruc- 
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sories include a trigger module that 
operates to 18 GHz on sine waves, 
logic signals, and pulsed RF, and a 
22-nsec delay line that lets you view 
the trigger event. $42,800. Deliv- 


tion filters. A/D board, from $1195; 
D/A board, from $849. 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (800) 548- 
6132; in AZ, (602) 746-1111. FAX 
(602) 889-1510. Circle No. 365 


1.3-GHz Frequency Counter 


© Measures frequency, period, 
and RPM 

® Has 8-digit LED display 

The FC130A is a wP-controlled fre- 
quency counter that measures fre- 
quency, period, and RPM (rate per 
minute) from 0.01 Hz to 1.3 GHz. 
The unit sports an 8-digit LED dis- 
play and can resolve very small fre- 
quency changes; measuring a 1-Hz 
signal, it can display a change of 
10° Hz. Input sensitivity is typi- 
cally 10 mV. A 20:1 input attenu- 
ator accommodates 500V p-p sig- 
nals without overdrive. The counter 
incorporates a prescaler; when you 
use it, the frequency range is 50 
MHz to 1.3 GHz. In direct mode, 
the frequency range is 0.01 Hz to 
120 MHz. When making period 


ery, 12 weeks ARO. 
Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 
Circle No. 364 


measurements, the counter handles 
durations from 8 nsec to 100 sec. 
$595. 

Beckman Industrial Corp, 3883 
Ruffin Rd, San Diego, CA 92128. 
Phone (619) 495-3217. 

Circle No. 366 


EPROM Emulator 


@ Allows battery-backed emulation 
of 2k- to 64k-byte EPROMs 

@ Supports devices with access 
speeds of 130 nsec 

The Micro/Emmy EPROM emula- 

tor kit includes an emulator, cables, 

and software for an IBM PC-com- 

patible computer. The 4.5 x 2.75 x 
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0.75-in. emulator plugs into a target 
EPROM socket and draws all of its 
power from the target system. It 
performs battery-backed emulation 
of ROMs from 2k to 64k bytes with 
access times as high as 130 nsec. 
The emulator connects to the RS- 
232C port of a host PC or terminal. 
The software in the kit, a terminal 
emulator and file-transfer utility 
that accepts files in Intel Hex for- 
mat, enables an IBM PC to act as 
the host. In 24- and 28-pin JEDEC 
packages, $195 (32k bytes); $295 
(64k bytes). 

Micro Computer Control Corp, 
Box 275, Hopewell, NJ 08525. 
Phone (609) 466-1751. FAX (609) 
466-4116. Circle No. 367 


68030 Emulation And 
Analysis Tools 


@ Provide real-time, no-wait-state 
emulation to 33 MHz 
@ Allow 2M bytes of emulation 
RAM, mappable over 4G bytes 

The emulation and analysis tools in 
the AxCASE (advanced cross com- 
puter-aided software engineering) 
series now support Motorola’s 
68030 pP. Among the features of 
the tools, which work on the ven- 
dor’s HP 9000 series 300 worksta- 
tions, are real-time, no-wait-state 
operation from target memory at 
clock speeds to 33 MHz; full support 
of the 68030’s burst, synchronous, 
and asynchronous modes; memory- 
management-unit and _ floating- 
point-processor support; and use of 
as much as 2M bytes of emulation 
memory, mappable over 4G bytes 
with 256-byte resolution. The tools 
can analyze all address, data, and 
status information in real time. 
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Data ranging lets you detect out-of- 
bounds variables; analysis prestore 
helps determine which software 
module causes a particular event. 
A 2048-state trace buffer stores 
time-tag data with 20-nsec resolu- 
tion. From $32,000. 
Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 
Circle No. 368 


Dynamic-Test Software 
For PLDs 


@ Reads JEDEC test-vector files 
© Automatically predicts timing 
for PLD tests 

AADelay software, used in conjunc- 
tion with the vendor’s test-vector 
generator, enables dynamic (or ac) 
as well as static testing of PLDs. 
The software reads JEDEC test- 
vector files, automatically predicts 
device timing, and creates timing 
tests. A series of JEDEC-to-tester 
translators further automates the 
process of creating static and dy- 
namic PLD test programs to run 
on specific testers. PC-based dy- 
namic test software, $5000. 

Anvil Software Ine, 427-3 
Amherst St, Suite 391, Nashua, NH 
03063. Phone (603) 891-1995. 

Circle No. 369 


VMEbus-Based 8-Channel 
Waveform Digitizer 


@ Takes 250M samples/sec 

© Stores 8k 12-bit records 

The 20088 VMEbus module digi- 
tizes eight analog waveforms with 
12-bit resolution at 250M samples/ 
sec. The unit, whose signal-to-noise 
ratio is 63.5 dB, allows construction 
of 96-channel systems. Using four 
“fast-in-slow-out” analog storage 
arrays operating in interleaved 
mode, the module captures and 
stores 8000 waveform samples be- 
fore transferring them to the host 
CPU over the VMEbus. Other fea- 
tures include built-in ac and de cali- 
brators and +2. full-scale de offset 


for viewing signals superimposed 
on de levels. $13,950. Delivery, 60 
days ARO. | 
Analytek Ltd/Tektronix, 10261 
Bubb Rd, Cupertino, CA 95014. 
Phone (800) 8385-9433; (408) 725- 
2560. FAX (408) 725-8562. 
Circle No. 370 


Data-Manipulation 
Software 


@ Allows IBM PC to read disks 

created by DSOs 
® Calculates trig, log, and powers 

of data sets and time 
Vu-Point software manipulates 
data acquired by digital storage os- 
cilloscopes that write files onto 
floppy disks in IBM PC-compatible 
format. With special hardware in 
the computer, the program can also 
work with data stored in proprie- 
tary formats. Among the data ma- 
nipulation functions are filtering, 
smoothing, scaling, integration, and 
transformation (for example, calcu- 
lating an FFT). The software can 
display the data in several forms, 
for example, as an X-Y plot. From 
$325. 

S-Cubed, Box 1620, La Jolla, CA 
92038. Phone (619) 453-0060. FAX 
(619) 755-0474. Circle No. 371 


Data-Acquisition 

Output-Termination Panel 

@ Includes a S/H amplifier for 
each channel 

@ Drives eight channels from a 
single output-wire pair 

The STB-AOT signal-conditioning 

panels are 2 x 8.5-in. pe boards that 

minimize wiring between a data-ac- 

quisition system and the transduc- 

ers (for example, control valves) it 
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ADVERTISEMENT 


AN ACME EDITORIAL ACME EDITORIAL 


“Commitment is the key to any lasting 
partnership - when both sides share 
an enlightened self-interest, the 
relationship is bound to prosper.” 
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CEO/Acme Electric Corporation 
East Aurora, New York 14052 
716/655-3800 


EDN April 12, 1990 CIRCLE NO. 98 207 


TEST & MEASUREMENT INSTRUMENTS 


ss 
CO —— 


drives. The panels are designed for 
use with the vendor’s IBM PC bus, 
PS/2 bus, and STD Bus analog out- 
put boards and its pMAC family 
data-acquisition and control subsys- 
tems. Each of the panels includes 
eight sample-and-hold amplifiers. 
The S/H circuits drive output ampli- 
fiers to produce continuous outputs 


in four voltage and two current 
ranges. A single D/A converter, 
connected to one of these panels via 
a single wire pair, can drive eight 
output lines. The panels, which in- 
clude power supplies but can accept 
power from external supplies (for 
example, to improve the voltage 
compliance of current-source out- 


8051 68HClT 


THE LEADING IN-CIRCUIT EMULATOR TECHNOLOGY. 


. ‘GRR, RRR, WR. “ER. eRe. 


CALL TODAY 
Ae FOR YOUR 
FREE VIDEO 


\ AND SOFT- 
WARE DEMO 
(408) 866-1 set 
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Australia (02) 654 1873, Austria (0222) 38 76 38, Benelux +31 1858-16133, Canada (514) 689-5889, Denmark (02) 65 81 11, 
Finland 90-452 1255, France (01)-69 412 801, Great Britain 0962-73 31 40, Israel (03) 48 48 32, Italy (011) 771 00 10, 
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West Germany 08131-1687, USA FAX (408) 378-7869. 
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puts), accept field wiring and have 
quick disconnect terminals for sys- 
tem wiring. $600. 

Analog Devices Inc, 1 Technol- 
ogy Way, Norwood, MA 02062. 
Phone (800) 426-2564. 

Circle No. 372 


Arbitrary-Waveform 
Creator/Generator 


@ Lets you use a mouse to define 
waveforms 
® Stores a 16k-point x 12-bit wave- 
form definition 

The IBM PC-based R4010 creates 
and generates arbitrary wave- 
forms. You use a mouse to visually 
define your waveform or to edit ac- 
quired waveforms stored on disk. 
The generator will then reproduce 
the waveform with 12-bit resolution 
and programmable amplitude to 
10V p-p. The instrument stores 16k 
waveform points and supplies the 
stored data to its DAC at speeds 
as high as 10M points/sec. The 
R4010 produces an output continu- 
ously or in bursts, and operates at 
fixed or swept frequencies. A disk 
containing a library of standard 
waveforms, including telephone 
sounds, comes with the generator. 
$2995. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 
047-8311. FAX (206) 548-0322. 

Circle No. 373 
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ACME’S LAW OF PARTNERSHIP 


You Must Honor the Pledge o 


_Westill believe in doing business with a handshake. Because in the age of 
- instant information, you need a company which believes in theanportang 
| of personal attention. One which acknowledges the power of partnership. 

And the value of commitment. That company is Acme Electric. __ Oe 

Whether we’re supplying high-frequency switch-mode power supp! 
to the telecommunications and computer markets, or backup power 
systems for local area networks or aerospace applications, we're wo! 

with an understanding of your needs in mind. Acme Electric goe: 
the everyday responsibilities of meeting your design and schedule requ 

ments, to a higher level of commitment. A commitment that gets us il 
with our partners - anc eeps us involved. a ie 


A long-term partnership holds a great deal of potential. And when the » 
-commitmer 2 


t to succeed comes from both sides, the potential for success 

becomes even greater. Acme Electric, in being responsive to your needs, 
_hasn’t forgotten the time-honored values of personal attention, reliability 
_in performance, and individual excellence. oo 

~ Call us today. If you're interested in a partnership, then 

by all means, let’s talk. a | 


Acme Electric 
Power Products 
_ Cuba, New York 14727 __ 
_ 716/968-2400 FAX: 716 


(968-3948 
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From Kepco... 
the people who 
brought you the popular 
BOP +dc bipolar 
linear programmable 
power supplies... 
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Now the Kepco BOP-ac. 


Joining our long-recognized dc BOPs (pre- 
cisely controlled bipolar dc voltage and cur- 
rent in + and — senses), are four new GPIB- 
driven, programmable ac power supplies. 


Transients, spikes and surges created by 
BOP ac Power Managers permit the most 
rigorous testing of your system and compo- 
nent design. Outputs variable from 0-125 
Volts, 47-2000 Hz — with envelope control, 
phase imbalance and sub-cycle transient 
generation. 

Just hook up the BOP-ac to your PC or GPIB 
controller and you control enormous power 
with extraordinary delicacy. 


SEE US AT ELECTRO/90 KEPCO BOOTH 3406, 3408. 


The four new BOP-ac models range from 
1KVA to 18KVA. Features include: 


_] GPIB/local control of ac voltage amplitude, 
frequency, current limit, and phase angle. 


L] All values read back to the GPIB. 
_] User-defined transient programming. 
C] 80 character LCD display. 
When it’s time to put the pressure on your 


systems and component designs, give the job 
to Kepco’s BOP a-c and d-c Power Managers. 


For your free catalog, call/fax/write to Dept. LST-12, 
Kepco, Inc., 131-38 Sanford Ave. Flushing, NY 11352 USA. 
Tel: (718) 461-7000. Fax: (718) 767-1102. 

Easylink (TWX) 710-582-2631. 


PACIFIC 
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NEW PRODUCTS 


Microcontroller With 
10-Bit ADC And EPROM 


®@ Includes multiple functions 
© Highly integrated 80C51 
derivative 

The 87C552 microcontroller is in- 
tended for real-time embedded con- 
trol in automotive engine, instru- 
mentation, and telecommunications 
applications. In addition to two 
PWM outputs, the wC features the 
two standard counter/timers of the 
80C51, an additional timer with four 
capture registers and three 16-bit 
compare registers, a watchdog 
timer, a full-duplex UART, and a 
serial I°C interface. The device also 
contains 8k x 8-bit EPROM and an 
8-channel, 10-bit ADC with a 50 
sec conversion time. The I°C serial 
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port is a 2-wire bus that supports 
device addressing and runs at 100k 
bits/sec. You can program the 
80C51-compatible UART for baud 
rates to 1M bit/sec. The 87C552 is 
available in low-volume production 
quantities in a one-time-program- 


mable EPROM version for less than 
$25; it is also available in a 68-pin 
windowed ceramic LCC package. 
Philips Components-Signetics, 
Box 3409, Sunnyvale, CA 94088. 
Phone (408) 991-2000. 
Circle No. 383 


Video Shift Register 


® Has clock rates of 30 and 40 MHz 
® Contains four 9-bit-wide shift 

registers 
The L64212 high-speed video shift 
register offers a choice of either 30- 
or 40-MHz clock rates. The primary 
advantage of these high clock rates 
is the register’s ability to process 
1k x 1k-pixel images in real time at 
video rates. At a 30-Hz frame rate, 
a 1M-pixel image has a pixel rate 
of more than 30 MHz. The L64212 
consists of four 9-bit-wide shift reg- 
isters, each of which you can pro- 
gram for any length between 11 and 
10385 words (pixels). You can config- 
ure the device as two line delays 
of 2070 pixels in length or as a single 
shift register of 4140 pixels in 
length. A circular buffer mode lets 
the circuit read a bank of data into 
memory and then continuously read 
out the data in a circular fashion. 
In a 95-lead ceramic pin-grid array: 
30-MHz version, $175; 40-MHz ver- 
sion, $227 (100). 

LSI Logic Corp, 1551 McCarthy 
Blvd, Milpitas, CA 95035. Phone 
(408) 433-7593.. Circle No. 384 
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TSC9115 | 


Switch-Mode Controller 


@ Has 10 to 300V input range 
© Implements popular SMPS 
topologies 

The TSC9115/9116  switch-mode 
controller, which features an input 
voltage range of 10 to 300V, is de- 
signed for use with single-ended, 
current-mode SMPS (switch-mode 
power supply) topologies. These to- 
pologies include buck, boost, Cuk, 
flyback, and forward converters. 
The wide input range is useful in 


applications using both batteries 
and off-line ac power. Other fea- 
tures include automatic start-up, 
which operates with only 1 mA of 
quiescent current, and the ability 
to self-power from an output. Avail- 
able with inverting (TSC9116) or 
noninverting (TSC9115) outputs, 
these ICs include on-chip drivers 
that can drive power MOSFETs to 
SOW output. The devices are pin 
compatible with the Si9115/9116. 
In 16-pin DIPs or SOICs, $2.74 
(10,000). 

Teledyne Semiconductor, 1300 
Terra Bella Ave, Mountain View, 
CA 94039. Phone (800) 888-9966. 

Circle No. 385 


Differential Line Receiver 


® High common-mode rejection 
® Has low audio-bandwidth 
distortion 

The SSM-2141 is a differential am- 
plifier intended to receive inputs 
from a 6000, balanced line in audio 
applications requiring low distor- 
tion and high common-mode rejec- 
tion. Typical THD over the full 
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“WE DEPEND ON EDN’S MAGAZINE AND 
NEWS EDITIONS TO DELIVER THE 
SPECIFICS ON MAXIM PRODUCTS 
TO POTENTIAL CUSTOMERS.” 


. Mike Dikas Maxim Integrated Products is one of today’s fastest 
ar bine i peat aes growing international suppliers of quality analog ICs. In the past five 
3 years they have introduced more than two hundred proprietary and 


improved second source devices. 


Director of Communications, Mike Dikas has piloted Maxim’s adver- 
tising program since its inception. “EDN’s magazine and news edi- 
tions have played a significant role in introducing many of our new 
products. In the past two years, over 25,000 EDN Magazine and News 
Edition readers have responded to Maxim ads, product releases and 
articles,” says Mike. “Our ads consistently fall in the top 10% in 
reader response in both editions of EDN. What’s even more amazing 
is that we typically get less than 5% duplication of responses to the 
same ad in both the Magazine and News Editions.” 


What’s that mean for Maxim? “Since both editions deliver the 
same circulation, it’s apparent to us that the same engineers 
read both the Magazine and News Editions for different 
reasons. Given Maxim’s charter of product proliferation, 
EDN’s in-depth coverage of technical issues and timely 
coverage of new products are both of the utmost impor- 
tance to Maxim.” 


Mike Dikas believes in the complementary roles of EDN 
Magazine and EDN News Editions. 


EDN Magazine and News Editions work for 
Maxim Integrated Products. 
They can work for you. 


A Partnership in Power and Prestige Worldwide. 


do { 
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Universal microprocessor/ 
microcontroller emulation systems. 


Just a 
sampling 
of popular 
devices 
covered. 


Intel Microprocessors 


8086/88/ 

C86/C88 10 MHz 
80186/188/ 

C186/C188 16 MHz 
80286 16 MHz 
80386 25 MHz 


80386SX/376 16 MHz 


NEC Microprocessors 


V20/30 10 MHz 
V40/50 10 MHz 
V25 16 MHz 
V33 16 MHz 
V60 16 MHz 
214 


If you're not interested 
in second best results.. 


noy 
nov p, 88 
mov ax; Gaaah 
nop 

loop_point: 


c6 ei 24 38 91 £2 fa 88-88 88 80 42 Gi 
66 4a 48 68 40 &3 68 68-08 68 bO@ 21 21 
98 48 cB-88 46 86 88 GF 
176 9c 88-18 88 88 af 88 
‘Te b@ 86-84 61 88 06 
Si 68 32 19 62 68-80 68 7 
b6 19 12 64 £4 02 88-88 88 « 
f2 31 cc 18 be 74 83 68-48 28 « 
'3 42 8a 6B 81 fd 19 64-80 88 6 
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Why use anything but a first- The SA98 has trace and break 


class emulator? When it comes time points that set new standards in 

to prove your design, the tools should emulation debug. They are precise, 
be up to the task. And, that’s what powerful and easy to use. 

Sophia emulation systems are about. Our SA98 is truly universal. 

Our SA98 is PC based and works From 8- to 32-bits, it can emulate 
with virtually all of the leading ‘C’ hundreds of processors and 
compilers, source level debuggers, controllers. 
and assemblers. Call today for complete informa- 

Bus-direct interfacing means code tion on the SA98 and how to obtain 
loads fast, and commands execute a risk-free system evaluation. You'll 
now. You'll have time to get the be glad you did. 
most out of your design. 

U.S. Headquarters European Office Corporate Headquarters 
Sophia Systems Sophia Computer Systems, Ltd Sophia Systems Co., Ltd. 
3337 Kifer Road Alpha House Shinjuku NS Bldg. 8F 

Santa Clara, CA 95051 London Road, Bracknell 2-4-1 Nishishinjuku 

Tel: (408) 733-1571 Berkshire RG12 2TJ England Shinjuku-ku, Tokyo 163, Japan 
Fax: (408) 749-8172 Tel: 0344-862404 Tel: (03) 348-7000 

Tlx: 853394 Fax: 0344-861374 Fax: (03) 348-2446 

tn eae trademark 1-800-824-9294 1-800-824-6706 
of Sophia Systems Company, Ltd. OUTSIDE CALIFORNIA INSIDE CALIFORNIA 
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audio bandwidth is 0.01% into a 
600Q, load and 0.001% into a 100 
kQ load. Common-mode rejection is 
typically 100 dB at de and 70 dB 
at 20 kHz. Other specifications in- 
clude a slew rate of 9.5V/psec and 
a —3-dB bandwidth of 3 MHz. The 
device operates over the —40 to 
+85°C industrial temperature 
range and comes in an 8-pin plastic 
DIP. $1.95 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. FAX (408) 
727-1550. Circle No. 386 


Multiport Video RAM 


® Contains two read/write 
memories 

@ Zig-zag in-line package 

The GM53C261 is a multiport video 
RAM optimized for use in PC 
graphics and workstations requir- 
ing high-speed serial data. The low- 
power CMOS device contains two 
read/write memories; a 256 x 4-bit 
serial-access memory, and a 64k x 4- 
bit RAM. Although the memories 
communicate with each other over 
an internal bus, they can also 
operate independently and serve 
two operations simultaneously. The 
chip’s architecture is structured for 
efficient performance in bit-mapped 
graphics systems. With its two 
asynchronous memories, the device 
eliminates the usual contention 
problem between the screen-update 
and screen-refresh functions. The 
CPU performs update operations 
on the RAM, which acts as a frame 
buffer, while the serial-access mem- 
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ory serially transforms pixel infor- 
mation to the monitor. The device 
comes in a plastic, zig-zag in-line 
package for use in high-density 
boards. $5 (100). 

Goldstar Technology, 3003 N 
First St, San Jose, CA 95134. 
Phone (408) 432-1331. FAX (408) 
432-6053. Circle No. 387 


Low Dropout Regulator 


@ Rated at 5A 

@ Features remote sensing 

Rated at an output current of 5A, 
the LT1087 can operate down to 
a 1V input-to-output differential. 
This dropout voltage is fully speci- 
fied and guaranteed as a function 
of load current over the full output- 


Score Big With Vitelic’s 


Fast SIMMs. 


Ricky SIMM rounds third. Here 
comes the throw from center field. 


SIMM dives for the plate. He scores! 


Put Ricky SIMM on your main 
memory team and watch your high 
performance personal workstation 
score with the customer every time. 


With 60 and 7Ons access times, 

Vitelic’s 256K x 36 and 512K x 36 

CMOS DRAMs are the fastest 

SIMMs in the league. Our SIMMs 

are the perfect add-on memories 
for IBM PS/2 


im 


Circle 107 for Sales Contact 


compatibles and advanced 386 
and 486 systems. Both devices 
come in the standard 72 pin 
module. 


Ricky SIMM is also available 
in 256K x 8 and 256K x 9 
configurations in standard 30 
pin SIMM and SIP modules. 
With access times of 60, 70, 
and 80ns and fast page mode 
configuration, these memories 
are ideal for PC/workstation 
main memory and memory 
expansion. 


Call Vitelic today at 800-VITELIC 
to hear 


ej 


more 

about 
Vitelic’s 
SIMM. Sign 
Ricky onto your 
team and watch your 
PCs and workstations outrun 
the competition. 


WwW VITELIC 


The Emerging Leader 
in Specialty Memories 


Circle 106 for Literature 
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current range of the device. The 
regulator’s reference voltage is 
trimmed to 1%; current limiting 
minimizes stress on the regulator 
under overload conditions. Line 
regulation is 0.05%, and load regu- 
lation is 0.1% at the sense point. 
The regulator features remote sens- 
ing, which can eliminate load regu- 


Quick-Lock™ 
Cover PBT 


WA 
OVER: 


PlugHousing == HSC 1S THE NEW INTERNATIONAL 
STANDARD FOR FIBEROPTIC CONNECTORS. 
ly e The FC and ST were excellent connector designs in their time, 
serving us well by bringing data transfer out of the darkness 
and into the light. 
Ferrule Your design demands a connector for the 21st Century. A 
Zirconia new standard, not the same old cliche. Hirose’s HSC Optical 
l-r in Fiber Interconnect, one of our most creative links to your 
\\ future, is the fiber optic connector you've been waiting for. 


By using Zirconia/ceramic ferrule material for precision 
and performance, stainless steel for durability and the 
finest high-temperature plastic material to ensure years 

of service even in extreme conditions, this new Hirose 
connector gives you the best of everything: 

¢ An international standard design based on NTT-SC 

fiber optic interconnect specifications for long haul 
telecommunications networks, short-link systems and 
equipment-to-equipment data links. 
¢ A choice of single or multi-mode fiber cord available. 
¢ Easy connect/disconnect or semi-permanent 
security locking. 
\ \ ¢ A full range of accessories—adaptors, receptacles, 
: multiple connection blocks and attenuators. 
HSC connectors perform at temperatures from 
-25°C to 70°C, withstand vibration of 10-55Hz 
amplitude: 1.5mm, can endure shock of 100G and 
have an insertion loss deviation of no more than 


Ferrule 
Alignment Spring 
Stainless Steel 


avez 


Stopper Ring 4 ||, 


4 
By 


Crimp Sleeve , 
hes Alloy 0.3dB after 500 functions. | | 
Call, fax or write for complete information and 
samples of the new fiber optic standard from 
Hirose. 
¥8 to Worty 
fu" “, 
HS § * \ 
silat Relief Hirose Electric (U.S.A.) Inc. 
PBT 


2685-C Park Center Drive, Simi Valley, CA 93065 
(805) 522-7958 © Fax: (805) 522-3217 ©1990 Hirose 


#4106 


See us at Electro-Boston, Hynes Convention Center, 
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lation errors caused by voltage 
drops in the wires connecting the 
regulator to the load. Available in 
a 4-pin TO-3 metal can or a 5-pin 
TO-220 plastic package, from $4.45 
(100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (800) 637-5545. FAX 
(408) 434-0507. Circle No. 388 


100-MHz Video Amplifier 
In Die Form 


© Features dielectric isolation 
® Has high-current output 
The CA2003, which features dielec- 
tric isolation in the fabrication proc- 
ess, is now available in die form for 
hybrid applications. In addition to 
its 100-MHz unity-gain bandwidth, 
the amplifier chip also features an 
output current of +230 mA. The 
CA2003 contains a high-impedance 
input amplifier, a complementary- 
output power stage, and a current 
limiter to protect the output tran- 
sistors. For higher output currents, 
you can use several devices in paral- 
lel without any current-sharing ar- 
rangements. $1.21 (100,000). 
Calogic Corp, 237 Whitney PI, 
Fremont, CA 94539. Phone (415) 


656-2900. Circle No. 389 
Dual-Architecture 
Static RAM 


® Has 35-nsec speed 

@ 1M x 1-bit or 256k x 4-bit option 
Featuring a 35-nsec access time, the 
M5M551001 static RAM (SRAM) is 
configurable as either a 1M x 1-bit 
or 256k x 4-bit device. This dual ar- 
chitecture lets you stock only one 
device type and configure it as 
needed. When the configuration pin 
(pin #21) is tied to Voc, the SRAM 
acts as a 1Mx1-bit device; when 
pin #21 is tied to ground, the result 
is a 256k x 4-bit device. For custom- 
ers requiring an output-enable func- 
tion, the company offers the 
206k x 4-bit M5M51004 metal-mask 
option of the M5M51001. The static 
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We have the Surface Mount Components you We’re on Top of Quality 

want: Chip resistors, SMT resistor networks, chip Panasonic SMT components meet rigorous quality 
tantalums, MLC caps, leadless aluminum lytics, assurance standards. They are the same high 

chip film caps, chip inductors, chip trimmers, chip quality components used in Panasonic products. 
light touch switches, chip ZNR surge absorbers We will never offer to sell a device we would not 
and more. 50 recommend for our own product lines. 


As technology leaders, we will continue to 
improve our present SMT products. And we'll keep 
you on top of the SMT field with new products at 
even higher performance standards. 

Contact the nearest sales office for 
additional information on our surface 
~ mount components. Call today. 


anasonic 
Industrial Company 


Northeast Regional Sales Office Central Regional Sales Office | Western Regional Sales Office 
One Panasonic Way, Secaucus, NJ 07094 425 East Algonquin Rd., Arlington Heights, IL 60005 6550 Katella Ave., Cypress, CA 90630 
Tel: (201) 348-5232 Fax: (201) 392-4441 Tel: (708) 981-4837 Fax: (708) 593-3794 Tel: (714) 373-7332 Fax: (714) 373-7323 
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RAMs are available in 28-pin, 400- 
mil plastic DIPs and SOJ packages. 
Active power requirements are 660 
mW; standby power is 11 mW. In 
plastic DIPs, M5M51001, $195; 
M5M51004, $210 (100). 

Mitsubishi Electronics, Semi- 
conductor Div, 1050 E Arques Ave, 
Sunnyvale, CA 94086. Phone (408) 
730-5900. FAX (408) 730-4972. 
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Dual Transceiver 


@ Meets MIL-STD-1553B 

® Operates from a 5V supply 
Featuring custom monolithic driv- 
ers and receivers, the CT2520 dual 
low-power MIL-STD-1553B trans- 
ceiver operates from a single 5V 
supply. The hybrid design results 
in lower power dissipation at 100% 
duty cycle and 125°C case tempera- 
ture. Each drive dissipates less 
than 1W at 25% duty cycle. Other 


features include ac interstage cou- 
pling to prevent static burnout, a 
filtered receiver to improve the S/N 
ratio of the system, and a typical 
output offset of 20 mV. The dual 
CT2520 is available in plug-in dou- 
ble DIP and flatpack configura- 
tions. The device operates over the 
—o55. to +125°C military tempera- 
ture range. From $315. 

Marconi Circuit Technology, 45 
Davids Dr, Hauppauge, NY 11788. 
Phone (516) 231-7710. FAX (516) 
231-7928. Circle No. 391 


Nonvolatile Static RAM 


® Organized as 2k x 8 bits 

® Has 45-nsec access time 

Organized as 2kx8 bits, the 
GR281-4 is a nonvolatile CMOS 
static RAM (SRAM) with an access 
time of 45 nsec. The SRAM features 
a high-speed power-down circuit 
that, together with an integral lith- 


ium cell, retains data even if the 
external supply drops from 5V to 
zero in a time period as fast as 15 
wsec. Because the device is self-con- 
tained, it can replace an ordinary 
SRAM, automatically changing the 
location to nonvolatile. The lithium 
cell retains memory for 10 years. 
The SRAM comes in a 24-pin DIP 
that is pin-compatible with 2716 
EPROMs. £17. 

Greenwich Instruments Ltd, 
The Crescent, Main Rd, Sidcup 
DA14 6NW, UK. Phone (1302) 
4931. FAX (1302) 4933. 
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ALS - VIEW II supports 


Mi Large GERBER Database (several MB) 
i Extended/Expanded Memory system 


Mi Most Popular Matrix Printers 


Most Popular Graphics Boards 
(Up to 1024 x 768) 
Photo / Raster / Pen Plotters 


Drill Template & Report 


® 
= 
& 
® 
HNC Drill Equipment 
& 
Mi D-CODE numbers up to 999 
= 
* 


ALS/VIEW & ALS/VPLOT are trademarks of ALS DESIGN 


Circular Interpolation 


Mi User Defined Apertures, Thermal Pads... 


@ High performance multiple 
formats conversion (HPGL, 


POSTSCRIPT, DMPL, EXCELLON, RASTER 
PHOTO PLOTTERS, and much more... 


Suite 2200 
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Ae 
Laser Printers (HP Laser, Canon, etc...) lene 
Multiple file loading (up 128 layers) 


Automatic Merge of different D-CODE files 


ALS Design Corporation 
One Kendall Square 


Cambridge, MA 02139 
Tel: 617-621-7101 
~ Fax: 617-577-1209 
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MAKE YOUR BEST MOVE WITH 
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LI CAPS WITH THE QUALITY 
TO MEET YOUR STANDARDS 


Quality is the first reason you'll specify Panasonic We’re in Charge of Quality 
film capacitors. And you'll also be happy to know Panasonic film capacitors meet rigorous quality 
about the broad range of dielectric systems and assurance standards. They are the same high 
physical configurations available quality components used in Panasonic electronic 
forjustaboutany a 4 products. We will never offer to sell a device we 
application. oe ne would not recommend for our own product lines. 
ins We'll help you build exceptional quality and 
confidence into every circuit. Think Panasonic for 
all film capacitor requirements. 
Contact the nearest sales office for additiona 
information. Call today 


Panasonic : CIRCLE NO. 116 
Industrial Company 


Northeast Regional Sales Office Central Regional Sales Office Western Regional Sales Office 
One Panasonic Way, Secaucus, NJ 07094 425 East Algonquin Rd., Arlington Heights, IL 60005. 6550 Katella Ave., Cypress, CA 90630. 
Tel: (201) 348-5232 Fax: (201) 392-4441 Tel: (708) 981-4837 Fax: (708) 593-3794 Tel: (714) 373-7332 Fax: (714) 373-7323 
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COMPUTERS & PERIPHERALS 


Postscript Laser Printer 


® Has 39 resident typefaces 

® Can produce 20,000 pgs/month 
The QMS-PS 2200 Model B laser 
printer produces Adobe System’s 
PostScript fonts. It prints in black 
and white at 22 pgs/minute on 
8.5x11-in. sheets and at 11 pgs/ 
minute on 11X17-in. sheets. Capa- 
ble of producing 20,000 pgs/month, 
the PS 2200 operates from a 250- 
sheet paper cassette or from a 100- 
sheet paper bin. Its print controller 
has a 16.67-MHz 68020 uP, 4M 
bytes of RAM, 1M byte of ROM, 
and 39 resident PostScript type- 
faces. The printer has an RS-232C, 
an RS-422/AppleTalk, and a Cen- 
tronics parallel interface. A SCSI 
port lets you attach as many as 
seven optional hard-disk drives. An 


optional communications controller, 
the PrintLink, lets you operate the 
printer using an Ethernet TCP/IP 
(transmission control protocol/in- 
ternet protocol) network. The 
printer comes with PS Executive 


software as well as start-up, test- 
ing, and operation utilities. $9995. 
QMS Ine, Electronic Publishing 
Group, 1 Magnum Pass, Mobile, AL 
36618. Phone (800) 631-2692. FAX 
(205) 633-0013. Circle No. 374 
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Internetworking System 


© Has multiple LAN and 
WAN interfaces 
@ Uses AMD’s 29000 RISC CPU 
as its primarypP | 

The LanNet Express is an internet- 
work communications system for 
multiple LANs and WANs (wide- 
area networks). The system uses a 
multiple w~P design, which has an 
AMD 29000 RISC (reduced-instruc- 
tion-set computer) uP as its pri- 
mary CPU and multiple Motorola 
96001 wPs as I/O processors. A 32- 
bit bus architecture operates at 
a 230M-bps data-throughput rate. 
The processing power allows the 
system to filter more than 75,000 
packets/sec and forward more than 
30,000 packets/sec in an Ethernet 
IEEE-802.3 internetworking appli- 
cation. The system handles data 
rates as fast as 10M bps on its six 
LAN ports and speeds as fast as 
2.048M bps on its 12 WAN ports. 
The system’s internodal protocol, 
ExpressLink, is compatible with a 
wide range of network topologies. 
The protocol transmits data on the 
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network based on least-cost caleula- 
tions and automatically reroutes 
data when line or facility outages 
occur. Basic system, $5890; typical 
configurations, $18,995 to $25,000. 
Delivery, 90 days ARO. 
Racal-Milgo, Box 407044, Fort 
Lauderdale, FL 33340. Phone (305) 
846-1601. FAX (805) 846-4942. 
TWX (510) 955-4145. 
Circle No. 375 


Multiple Serial 
Communicator 


® Plugs into an IBM PC- 
compatible computer 
@ Provides eight serial 
communications channels 
The MCS-8 provides eight serial- 
communications channels on a sin- 
gle plug-in card for your IBM PC, 
PC/XT, PC/AT, or compatible com- 
puter. The protocol for each channel 
conforms selectively to RS-232C, 
RS-422, RS-485, or a 20-mA current 
loop, as preset by plug-in modules 
on the card. Dual in-line switches 
assign one of 128 addresses and a 


hardware interrupt line to each 
channel. Software drivers, 2-chan- 
nel version, £195; 8-channel ver- 
sion, £495; fan-out cable that at- 
taches to eight serial connectors, 
£45. 

Blue Chip Technology, Ha- 
warden Industrial Park, Manor 
Lane, Deeside, Clwyd, UK. Phone 
(0244) 520222. FAX (0244) 531043. 
TLX 61471. Circle No. 376 


80386 Single-Board 

Computer 

@ Measures 5.75 X8 in. 

® Operates from 0 to 70°C and 
consumes 10W from 5V 

The Little Board/386 IBM PC/AT- 

compatible single-board computer 

(SBC) uses a 20-MHz 80386 uP. Its 
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EDGE IN POWER SUPPLY CAPACITOR 


TECHNOLOGY 


Quality is the first reason you'll choose Panasonic capac- 
itors. But you'll also appreciate our innovative designs 
that give you cost-effective, space saving benefits. And 
our wide selection of lytic, film and ceramic capacitors 
lets you specify exactly the right component for your 
power supply application. 

We’re in Power for Quality 

Panasonic capacitors meet rigorous quality assurance 
standards. They are the same 
high quality components 


Northeast Regional Sales Office 
One Panasonic Way, Secaucus, NJ 07094 


Panasonic 
Industrial Company 


Central Regional Sales Office 
425 East Algonquin Rd., Arlington Heights, IL 60005 
Tel: (201) 348-5232 Fax: (201) 392-4441 Tel: (708) 981-4837 Fax: (708) 593-3794 


used in Panasonic electronic products. We will never 
offer to sell a device we would not recommend for our 
own product lines. 

We offer several types of TS series aluminum 
electrolytic capacitors in a wide range of case size 
options for input filter applications requiring high 
temperature—high ripple current capability. Our HFQ and 
HFZ miniature radial lytics are ideally suited for output 
filter applications. They offer long life and exceptionally 
low impedance. Our ECQ series of film caps and 
NS series of ceramic caps are effective interference 
Suppressors and are safety agency approved for 

across-the-line and line-to-ground applications. 
For pure power, call the nearest Panasonic sales 
office today. 


CIRCLE NO. 117 


Western Regional Sales Office 
6550 Katella Ave., Cypress, CA 90630 
Tel: (714) 373-7332 Fax: (714) 373-7323 


COMPUTERS & PERIPHERALS 


Seer 
a 


0.75 X 8-in. surface area covers the 
same size surface area as that of a 
half-height 5'-in. disk drive. De- 
signed for embedded applications, 
the SBC contains as much as 4M 
bytes of RAM, a floppy-disk con- 
troller, a battery-backed real-time 
clock, dual RS-232C ports, a paral- 
lel printer port, and an optional 
SCSI port. Little Board/386 has an 
IBM PC/AT-compatible bus header 
for system expansion and a daugh- 
ter-board carrier for an 80387 
coprocessor. The SBC operates 
over a range of 0 to 70°C and con- 
sumes 10W from a 5V power sup- 
ply. The board is 100% mechanically 
compatible with the company’s 
other Little Boards. The company 
offers a series of expansion modules 
such as IBM VGA, CGA, EGA, and 
LCD controllers; a 2400-baud mo- 
dem; and a LAN interface. In addi- 
tion, the board has sockets to imple- 
ment solid-state disks. $1170 (100) 
without RAM. 

Ampro Computers Ine, 1130 
Mountain View/Alviso Rd, Sunny- 
vale, CA 95089. Phone (408) 734- 
2800. TLX 49403802. FAX (408) 734- 
2939. Circle No. 377 


VMEbus Slot-Bypass 
Boards 


© Bypass control signals 

for daisy-chain format 
© Front-panel aluminum card 

provides RFI shielding 
The Slot-Bypass-Board family of 
products fills spare slots in VMEbus 
or SUNbus backplanes. The VME- 
style front panels have card ejec- 
tors; the panels attach to aluminum 
cards with VME connectors. The 
boards come in 3U, 6U, and 9U 
Eurocard formats with one, two, 
and three VME connectors, respec- 
tively. The aluminum boards pro- 
vide RFI shielding, and a male DIN 
connector, mounted on the rear of 
one of the VME connectors, lets 
you bypass signals on the bus. For 
example, you can bypass the Bus 
Grant and Interrupt Acknowledge 


222 


signals to daisy-chain these control 
signals to other boards on the bus. 
In addition, the board maintains in- 
tegrity of the air flow system. 
6U160, $19.95 (100). 

Dawn VME Products, 47073 
Warm Springs Blvd, Fremont, CA 
94539. Phone (415) 657-4444. FAX 
(415) 657-3274. Circle No. 378 


VMEbus Single-Board 
Computer 


® Accommodates four 88100 
CPUs and eight 88200 CMMUs 
@ Has two SCSI ports and a 32-bit 
Ethernet controller 

The TP882V single-board computer 
for VMEbus systems accommo- 
dates as many as four 88100 CPUs 
and eight 88200 CMMUs (cache con- 
troller and memory-management 
unit) on a single mezzanine card. 
The combination delivers as much 
as 110 VAX MIPS. The device fea- 
tures dual SCSI controllers and a 
32-bit Ethernet controller, which 
has a 32-bit DMA controller that 
transfers data between an Ethernet 
network and its main memory. 
Other features include master or 
slave interfaces, 256k bytes of 
EPROM, and a _battery-backed 
real-time clock. The TP882V has 
four serial communications ports 
that you can configure to include 
two asynchronous or synchronous 
ports with DMA, two RS-232C, RS- 
422, or V.35 ports, and one Local- 
Talk mode port. The device’s 
CPUs, memory, VME, and IJ/O in- 
terfaces connect to a high-speed bus 
for fast data transfer. 20-MHz ver- 


sion with one CPU and _ two 
CMMUs, $10,000. 

Tadpole Technology Inc, 1601 
Trapelo Rd, Waltham, MA 02154. 
Phone (617) 890-8898. FAX (617) 
890-7578. Circle No. 379 


Computer Input Device 


® Consists of miniature 
mouse inside head of a pen 

@ Has PS/2 mouseport connector 
The MousePen input device for 
IBM PC, PC/XT, PC/AT, PS/2, and 
compatible computers consists of a 
miniature mouse located inside the 
head of a pen. It has two input but- 
tons and comes with drivers that 
operate with any program that em- 
ploys a Microsoft mouse. The device 
also features a PS/2 mouseport con- 
nector and a single adapter that ac- 
commodates both DB9 and DB25 
serial ports. Other features include 
pop-up menus for Lotus 1-2-3, 
dBASE III, and WordPerfect along 
with documentation for developing 
custom menus for specific applica- 
tions. TelePaint, a color-paint pro- 
gram that operates in IBM VGA 
mode is included in the package. 
The MousePen fits into a pocket or 
attache case and writes on any sur- 
face. It has a resolution from 50 to 
1000 pulses/in. and a tracking speed 
of 18 ips. The device measures 
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Pressure plate for 
simple termination 


Compliant design 
to eliminate hole 
deformation 


Mounting stud positions 
SM connector 


ELECTRONICS GROUP 
Tinley Park, IL 60477-0981 Fax: 1-708-532-1811 
CIRCLE NO. 118 Visit PANDUIT at ELECTRO ’90 Booth 1920-27 


COMPUTERS & PERIPHERALS 


SS 
CT  — 


6.1x0.6x0.7 in. and weighs 90g. 
$129. 

International Machine Control 
Systems Inc, 1332 Vendels Circle, 
Paso Robles, CA 93446. Phone (805) 
239-8976. FAX (805) 239-8978. 

Circle No. 380 


VMEbus Graphics Board 


@ Uses TI’s TMS34010 
graphics pP 
@ Provides IBM VGA resolution 
and either 16 or 256 colors 
The DGC2 VMEbus graphics board 
uses TI’s TMS34010 graphics proc- 
essor. The all-CMOS board pro- 
vides all standard IBM VGA resolu- 
tions and displays either 16 or 256 
colors from a palette of 252,114 col- 
ors. Using an MC1378 composite- 
‘Syne-generator IC, the board can 
mix an optional NTSC-compatible 
input signal with graphics overlays 
from the TMS34010. The 512k bytes 


of video RAM stores as many as 
four frames using 4 bits/pixel. You 
can optionally expand its 512k-byte 
program or data dynamic RAM to 
a maximum of 2M bytes in 512k- 
byte increments. Two onboard 
EPROM sockets store as much as 
256k bytes of firmware. The pP- 
style instruction set lets you proc- 
ess graphics using the host’s CPU 
or its onboard EPROMs. $2240 
(100). 

Dyantem, 15795 Rockfield Blvd, 
Suite G, Irvine, CA 92718. Phone 
(714) 855-3235. FAX (714) 1770- 
3481. Circle No. 381 


Counter/Timer Card 


@ Five 16-bit channels 
with gate and clock inputs 
®@ Generates a 1-MHz clock from 
system’s 10-MHz clock 
The WH-CNTT-5  counter/timer 
card for the company’s WorkHorse 


programmable controllers features 
an AMD 9518A timer controller 
that provides five 16-bit timer/ 
counter channels. The card has de- 
bounce-logic circuitry for five input- 
clock and five input-gate signals. 
The card generates its 1-MHz clock 
frequency from the system’s 10- 
MHz clock signal. It has five opto- 
couplers, which you can configure 
as input or output buffers. You can 
configure the counters to generate 
pulse, square-wave, or variable 
duty-cycle output waveforms. Each 
counter has a load register for load- 
ing the counter to a predetermined 
number and a hold register to save 
count values without disturbing the 
counter. WH-CNTT-5, $550; solid- 
state relay modules, $18. 

Keithley MetraByte Corp, 440 
Myles Standish Blvd, Taunton, MA 
02780. Phone (508) 880-3000. FAX 
(508) 880-0179. Circle No. 382 


Faster fasteners for 


Dual Lock™ brand Reclosable Fasteners 


With 3M’s reclosable fasteners, access panels and 
doors simply pull open and push shut. These 
fasteners have a strong, pressure sensitive adhesive 
backing for immediate attachment and long-term 
performance. They replace cumbersome and 
unsightly conventional fasteners, eliminating the 
need to drill holes and refinish surfaces. So produc- 
tion is faster, manufacturing costs less and access 


iS easier. 


panels. 


Scotchmate™ brand Hook and Loop Reclosable Fasteners 


St. Paul, MN 55144-1000. 


[ FREE SAMPLES. For more information and free samples of 3M fasteners, | 
mail to 3M Industrial Specialties Division, 3M Center Bldg. 220-7E-01, 


| | 
| Name ! 
| Company Phone l 
| Address | 
| City State Zip 

| Please have a sales representative call me. EDNO41: 290 _| 


©1989 3M. “Scotchmate” and “Dual Lock” are registered trademarks of 3M. 
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_ Constant Bandwidth, 
Wide Supply Range 


Our new OPA603 current 
feedback design 
provides nearly constant 
bandwidth over a wide 
range of closed-loop 
gains and settles to 0.1% 
in 5Ons. 


If you need current 
feedback, you won't find 
a solution that’s easier to 
implement. It’s 
monolithic and features 
a standard op amp 
pinout. Simple curves in 
the product's data sheet 
help users quickly 
determine proper resistor 
feedback values. And 
OPA603’s performance is 
guaranteed at both +5V 
and +15V. 


OPA603’s bandwidth remains nearly constant 
over wide range of closed-loop gains. 


| © Bandwidth, 100MHz 
| @ Output voltage, +10V 
ee Output current, 150mA 


| @ Differential gain, 


| @ Settling time, 50ns to 


| @ Slew rate, 1000V/us 

| @ 8-pin plastic DIP 

| And, if you think all 

| “classic” op amps have 

| to be slow, check out our 
| OPA620/621. 


OPA620/621 gives 
designers exceptional 
speed, precision, and 
very low distortion in an 
economical monolithic 
design. 


The “classic” voltage 
eedback architecture 
offers very low oOffsef, fully 


(G = 10) 
into 150Q 


peak 


0.03% @ 4.43MHz 
Differential phase, 
0.025° @ 4.43MHz 


0.1% 


stable, settles fast and 
clean, and is usable 
over a wider range of 
gains. Choose our 
decompensated OPA621 
for wider bandwidth in 
gains of two or greater. 


ONE 


lf you need a fast op amp, 
come to the leader, 
Burr-Brown. We have data 
sheets, application notes, 
and samples waiting for you. 
Contact your local sales 
office or 
FAX (602) 741-3895. 


Wide Bandwidth 
—80dB IMD (5MHz) 


| © Settling time, 25ns to 


| @ Slew rate, 


| @ Output voltage, +3.0V 


| @ Offset voltage, +100uV 
_ @ Differential gain, 


| @ Noise, 2.3nV/VHz 
| @ Plastic, ceramic, 


| Burr-Brown Corp. 
_ P.O. Box 11400 
| Tucson, AZ 85734 


5OOMHz, G = 2, (OPA621) | 


0.01% 


250V/us (OPA620) 
500V/us (OPA621) 


into 50Q 
0.05% @ 3.58MHz 


Differential phase, 
0.05° @ 3.58MHz 


SOIC packages and 
die 


OPA620 provides outstanding gain/phase 
performance. 


BURR -BROWN® 


BURR-BROWN INTERNATIONAL SALES OFFICES: AUSTRIA 0222/62 63 71; BELGUIM (02) 521.86.50; FRANCE (1) 39 54 35 58; ITALY (02) 58.01.05.04; JAPAN (03) 586-8141; ; 
NETHERLANDS 020-6010041; SWEDEN 0760-93010; SWITZERLAND (01) 7240928; UNITED KINGDOM (0923) 33837; WEST GERMANY 0711/7704-0. 
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A 1983 
concept that's still 
an innovation - 
Ericsson 
component power 


If you've only just discovered the economy, reliability 
and flexibility of component power, don’t worry. Even some power 
supply manufacturers think it’s new! 

In fact, component power concept - using very 
efficient, high frequency DC/IDC 7 
converters as complete power 
‘components’ for distributed 
power architecture - was intro- 
duced by Ericsson way back in 


1983. And EriPower™ modules 


have since been The PKA & PKC, DC 


proven in thousands of applications worldwide. 
The first product, the PKA 25 
to 40 Watt converter, set the standard and 


The PKC In-Card, 
15-18 Watt DC/DC 
converters provide 
ultra low profile 


is still the market leader by far. Using hybrid 


construction and 300 kHz switching it’s the world’s smallest 


Sweden Ericsson Components AB, Stockholm, Tel: (08) 721 70 59 Fax: (08) 721 7001 
Australia Ericsson Components Pty Ltd, Victoria, Tel: (03) 480 12 11 Fax: (03) 484 36 45 
France Ericsson Composants SA, Gyancourt, Tel: (01) 30 64 09 00 Fax: (01) 30 64 11 46 
Hong Kong Ericsson Components AB, Wanchai, Tel: (05) 756 640 Fax: (05) 834 5369 

Great Britain Ericsson Components AB, Coventry, Tel: (0203) 553 647 Fax: (0203) 225 830 
Italy Ericsson Components Srl, Milano, Tel: (02) 551 81 597 Fax: (02) 545 97 31° 
Norway Ericsson Components A/S, Oslo, Tel: (02) 6 50 190 Fax: (02) 644 138 


United States Ericsson Components Inc, Richardson, TX, Tel: (214) 480 83 OO Fax: (214) 680 1059 


West Germany Ericsson Components GmbH, Engen, Tel: (07733) 500 10 Fax: (07733) 5927 


converters are produced on fully automated lines to 
guarantee consistently high quality and reliability 


CIRCLE NO. 128 


converter to offer full power operation at 85°C. And with 
ceramic capacitors for filtering and effective thermal management 
design, it has a demonstrated MTBF of over 200 years! 
This same concept applies to the 15 and 18 Watt PKC. 
ie PF With a footprint smaller than a 
credit card, these sub-miniature 
converters offer the unique option of 
In-Card low profile mounting. The mech- 
anical design allows the center of the module 
to rest in a slot in the PCB, giving a maximum 
height of just 8.5mm. The PKA and PKC can be 
easily paralleled for higher power applications and they make 
ideal components for n+1 parallel redundancy applications. 

If your product demands innovative power supplies, yet 
needs the security of well proven solutions from a reliable source, 


call Ericsson. And let our technology lead help maintain yours. 


\ 


ERICSSON = 


\ 
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NEW PRODUCTS 


COMPONENTS & POWER SUPPLIES 


Isolated Laser Module 


® Outputs 1 dBm 
® Handles analog or digital 
transmissions 

The 246-type isolated laser module 
is available with either a 1.3- or 
1.55-~m distributed-feedback laser 
diode, which handles either analog 
or digital transmissions. Housed in 
a 14-pin butterfly, organic-free, 
hermetic package, the module has 
a 3-GHz bandwidth and can operate 
at data rates ranging to 2.5G bps. 
The module has an average power 
output of 1 dBm and a minimum 
optical isolation of 30 dB. In addi- 
tion to the laser diode, internal iso- 
lator, and thermoelectric coolers, 
the module includes an InGaAs 
backface PIN (positive intrinsic 
negative) monitor and temperature 
sensor. The module will operate 
over a —40 to + 65°C range. $7500. 
Delivery, eight weeks ARO. 

AT&T Microelectronics, Dept 
52AL330240, 55 Union Blvd, Allen- 
town, PA 18108. Phone (800) 372- 
2447. Circle No. 393 


Sealed Switches 


® Handle 7A loads 
@ Tested in accordance with 
MIL-STD-202F 

WT Series sealed switches are 
available in spst, spdt, and double- 
throw miniature rocker and lever 
configurations. Contact ratings 
range from dry circuit to 6A at 
125V ac or 7A at 30V de. The 
Switches are designed to accommo- 
date the rigors of flow or vapor- 
phase soldering and are 100% 
tested to MIL-STD-202F, method 
112D, test condition D. The units 
will also withstand 1-minute immer- 
sion in cleaning fluids such as 
water, alcohol, trichloroethene, and 
mineral spirits. The switches are 
available with straight, right-angle- 
horizontal, and right-angle-vertical 
pe-board terminals. Actuators are 
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available in white, black, and red. 
$2.50 (1000) for a standard spst 
model. 

American Switch Corp, 134 
Water St, Wakefield, MA 01880. 
Phone (617) 246-1007. FAX (617) 
245-4531. Circle No. 394 


Attenuator Module 


© Limits converter output noise 

© Has efficiencies ranging to 99% 
The VI-RAM ripple attenuator 
module accommodates converters 
with output levels of 5 to 50V and 
limits total output noise to <3 mV 
p-p at load levels ranging to 10A. 
Featuring active and passive filter- 
ing capabilities, the unit attenuates 
both low-frequency input-power- 
source harmonics and _high-fre- 
quency switching components in the 


TT 


frequency range of de to 20 MHz. 
The module features efficiencies of 
93 to 99%, requires no adjustments, 
and includes remote-sense and out- 
put-voltage-trim features. The unit 
is housed in a package that meas- 
ures 2.28 x 2.40.5 in. and weighs 
2.8 oz. $59. 

Vicor Corp, 23 Frontage Rd, An- 
dover, MA 01810. Phone (508) 470- 
2900. FAX (508) 475-6715. 

Circle No. 395 


Dual LEDs 

© Offer a 90° viewing angle 

@ Accommodate ac applications 
AND170/171 Series dual LEDs are 
available in red, green, yellow, and 
orange. Two LEDs are mounted 
back-to-back in a T-1% package to 
accommodate ac applications. Ver- 
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ere virtually powerless 
against the competition. 


FCT LOGIC POWER COMPARISON 


a) 


POWER CONSUMPTION 


Harris’ FCTs Mean __| typical 4.2 nanosecond Smamemems || always wanted in FCT 
High Speed. propagation delay. logic. Only less. | 
Not High Power. For more information 
Cool Operation. on our FCTs, call us at 
When it comes to Tsar 
FCT logic power By reducing power Years of CMOS nea ee 
consumption, less is consumption, Harris’ Innovation. Pay eae! 
better. And that’s just FCT logic family ext. 1020). Or call your 
what Harris’ new FCT generates less heat The new FCT is only local Harris sales office 
logic family gives you. within your system. the latest advancement | °F “istributor. 
Based on our advances Less heat helps in Harris’ more What your vision of the 
in BiCMOS technology, _| increase the reliability | powerful, and less Dee eae: TG 
Harris’ FCT logic of your equipment, power-hungry, CMOS (fo FARRIS 
circuits offer you along with improving logic. WARRIS, © RCA GE INTERSIL 
CMOS power its performance. Noise The new FCT logic 
consumption at bipolar levels are also lowered, family from Harris. 
speeds. With a as Is ground bounce. Everything you've , 
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COMPONENTS & POWER SUPPLIES 


Sions are available that feature 
tinted or diffused lenses with lumi- 
nous intensities measuring 10 and 
6 mcd, respectively. The units oper- 
ate at forward voltage levels of 
2.1V and feature a 90° viewing an- 
gle. $0.55 (1000) for the AND170S, 
a red model. 

AND, 770 Airport Blvd, Burlin- 
game, CA 94010. Phone (415) 347- 
9916. FAX (415) 340-1670. 

Circle No. 396 


Display Module 


@ [s a complete subassembly 

@ Features 200-fL brightness 
Model M16LD03 is a 1-linex 16- 
character vacuum-fluorescent dot- 
matrix display module. A complete 
subassembly, the module contains 
the display, a de/de converter, char- 
acter generator, and refresh cir- 
cuitry. The unit operates on a single 
5V supply and uses a parallel 8-bit 
ASCII data interface. Measuring 
226 X50 X29 mm, the module dis- 
plays as many as 239 characters in- 
cluding decimal point and comma. 
The blue-green display has a bright- 
ness rating of 200 fL. Module char- 
acters measure 11.25 mm high by 
7.2 mm wide. $98 (100). 

Futaba Corp of America, Elec- 
tronic Components Div, 711 E State 
Pkwy, Schaumburg, IL 60173. 
Phone (708) 884-1444. FAX (708) 
884-1635. Circle No. 397 


Laser-Diode Module 


@ Operates at 1300 nm 

® Outputs as much as 1 mW 

The PLD-1800R laser-diode module 
operates at 1300 nm. It is housed 
in a hermetically sealed, TO-type 
package that contains an InGaAsP 
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laser diode and an integrated In- 
GaAs PIN (positive intrinsic nega- 
tive) diode, which monitors the la- 
ser output. An integral lensing sys- 
tem, which provides very precise 
positioning and stable alignment 
over temperature and time, couples 
the laser output to a single-mode 
fiber. Optimized, nominal coupled- 
output level can range from <100 
W to over 1 mW according to cus- 
tomer specifications. The module 
will operate over a 0 to 60°C range 
without the need for thermoelectric 
cooling or heat-sink flanges. The 
unit is available in two versions— 
the S model, which comes in a DIP, 
and the L1, which is available in a 
TO-FC receptacle package. $526 
and $541 for S and LI versions, re- 
spectively. 

PCO Inc, 20200 Sunburst St, 
Chatsworth, CA 91311. Phone (818) 
700-1238. FAX (818) 882-7041. 

Circle No. 398 


Buffered Enclosure 


@ Includes noise filters 

® Operates from a single supply 
The ALC 1 buffered enclosure con- 
sists of an integrated buffer ampli- 
fier and any of the company’s L or 
C Series voltage-controlled oscilla- 
tors (VCOs). The amplifier provides 
15-dB-min reverse isolation for the 
VCO. A pe board maintains proper 
ground connections between the 
amp and the VCO to eliminate noise 
problems. Feed-through capacitors 
on the power supply and oscillator 
tuning-input connections filter out 
noise. A discrete transistor stage 
isolates power-supply noise from 
the VCO. Oscillator output is via a 
capacitively coupled SMA (surface- 


mount assembly) female connector 
mounted on the enclosure. The en- 
tire assembly is enclosed in an alu- 
minum package measuring 1.8 x 
1.6x 0.9 in. The module requires 
a 15V supply. Enclosure, $125; os- 
cillator price depends on the model. 
Z-Communications Inc, 5450 
NW 33rd Ave, Suite 100, Fort Lau- 
derdale, FL 33309. Phone (305) 735- 

1000. FAX (805) 785-1094. 
Circle No. 399 


Microwave Transistor 


® Designed for class C operation 

© Outputs 50W 

Type PXB16050U is an npn, silicon 
planar epitaxial transistor designed 
for common-base, class C, narrow- 
band amplifiers used in satellite 
links. The unit will output 50W con- 
tinuous-wave power at 1.6 GHz. 
Operating from a 28V supply, the 
transistor has a typical power gain 
of 9.5 dB and a collector efficiency 
as high as 52%, The unit contains 
input and output prematching cir- 
cuits that facilitate the design of ex- 
ternal circuitry and help distribute 
power equally over the total active 
area of the transistor. In addition, 
diffused emitter-ballasting resistors 
provide accurate current sharing 
and improve device ruggedness. 
Gold metallization ensures that de- 
vice characteristics remain stable 
over unit lifetime. $240 (1000). De- 
livery, 10 weeks ARO. 

Philips Components, Discrete 
Products Div, 45 George Washing- 
ton Hwy, Smithfield, RI 02917. 
Phone (401) 232-0500. 

Circle No. 400 
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And were keeping — 
quiet about rt. 


GROUND BOUNCE 


Harris’ FCTs Make 
Less Noise. 


Shhhh. Harris’ new 
FCT logic family 
features low noise plus 
low power consumption. 
That's a peaceful thought 
when you consider that 
high speed in FCTs used 
to mean high noise and 
high chance of error. 
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Strong, Silent Type. 


By distributing NMOS 


pulldown technology, 
Harris is able to limit 
output voltage swing 
(V=3.7V @ Vpp=5.0V) 
lower noise propagation, 
and still give you 

the high throughput 
speeds you need. 


The low-noise, low- 
power, high-speed FCTs 
from Harris. Actions 
speak louder 


Peace Of Mind. 


CIRCLE NO. 130 
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FCT 245 


Fe ee ee a ee a Me ee ae ee 


For more information 
on our FCTs, call us at 
1-800-4-HARRIS, 
ext. 1020 (in Canada, 
1-800-344-2444, 
ext. 1020). Or call your 
local Harris sales office 
or distributor. 


What your vision of the 
future demands. Today. 


ht RIS 


SEMICONDUCTOR 
HARRIS - RCA - GE - INTERSIL 
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COMPONENTS & POWER SUPPLIES 


Sealed Tuners 


@ Meet MIL specs 
@ Tuning scheme involves no 
disk rotation 
The internal design of these her- 
metically sealed tuners consists of 
a disk connected to a bellows. A 
turn of the external screw moves 
the disk back and forth within the 
cavity—there is no disk rotation. 
This scheme trims the frequency 
without disturbing the hermetic 
seal. Three tuner models are avail- 
able. The V7038 has a 0.125-in.-di- 
ameter disk, which travels through 
_ 0.035 in. with 34 turns of the screw. 
It has a 10-56 threaded outer bush- 
ing and is 0.105 in. long. The V7046 
and D1IA15HS models are housed 
in quartz cases. The former unit fea- 
tures a 0.07-in.-diameter piston, 
which has a 0.05-in. travel distance, 
and the latter model features a 0.15- 
in.-diameter piston with a 0.16-in. 
travel distance. All parts meet MIL 


shock, vibration, and _ environ- 
mental stress requirements. Dielec- 
tric constants for the quartz and 
alumina cases measure 3.8 and 10, 
respectively. V'7038, $52.50; V'7046, 
$33.39; DIAI5HS, $14.87 (100). 
Voltronics Corp, Box 476, East 
Hanover, NJ 07936. Phone (201) 
887-1517. FAX (201) 887-3349. 
Circle No. 401 


Militarized DC/DC 
Converters 


@ Deliver 100W output 

© Offer three outputs 

These military-qualified de/de con- 
verters accept standard military 
inputs of 28, 48, 155, and 270V into 
single, dual, and triple outputs of 
common de outputs. They deliver 


_100W of power and have a conver- 


sion efficiency of 77% min for 5V 
outputs and 80% min for all output 
levels above 5V. True paralleling 


capability allows the converters to 
accommodate N +1 redundancy ap- 


plications. Key features include 
remote sensing, paralleling with 
current sharing, +5% output-volt- 
age adjust, external sync, and 
current limiting. Switching fre- 
quency equals 100 kHz, and MBTF 
measures 90,000 hours for a base- 
plate temperature of 65°C. Operat- 
ing range spans —55 to +85°C. 
From $1600. Delivery, stock to 16 
weeks ARO. 

EG&G Power Systems, 1330 E 
Cypress St, Covina, CA 91724. 
Phone (818) 967-9521. FAX (818) 
967-3151. Circle No. 402 


Today's requirements for higher volt- 
ages, energies and frequencies in radar, 
communications, pulse power systems 
and other high-energy applications may 
exceed the capability of conventional 
resistors. The solution: Specify 
Carborundum® ceramic power resistors 
to solve tough problems. 


Regardless of the pulse shape, we have 
the resistor. Our type AS can absorb 
huge amounts of energy in millisecond 
pulses; type A solves high-resistance 
problems in high-voltage situations; 
type SP handles large amounts of 
power from 60 cycles through VHF. 
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When your resistor doesn’t 
act like a resistor... 


call Carborundum 


Carborundum® noninductive bulk ceramic resistors solve 
tough resistance problems, save money and space. 


Key Application 
Type Features Areas 
AS Noninductive 
High voltage/ 

energy 


Pulse-forming networks 


Noninductive 
High resistance 


Grounding resistors 
Voltage dividers 


SP Noninductive 
High power Parasitic suppression 
Current limiting 


Snubber circuits 


CIRCLE NO. 17 


Capacitor crowbar circuits 


Impulse voltage generators 
High-voltage snubber circuits 


High-power/frequency loads 


ao 
at 


some customers come to us after 
no one else can do the job. It makes 
sense to Start with us. 


For more information on ceramic 
power resistors and our line of 
thermistors and varistors, call or 
write today. 

The Carborundum Company 
Electric Products Division 

P.0. Box 664 

Niagara Falls, New York 14302 
Telephone 716 278-2521 


Telefax 716 278-2298 
© 1990 The Carborundum Company 


CARBORUNDUM @® 
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THE NEW MICRO-CAP III: 


It wasn't easy. But we did it. Made the 
long-time best-selling IBM® PC-based 
interactive CAE tool even better. 

Take modeling power. We've significantly 
expanded math expression capabilities to 
permit comprehensive analog behavioral 
modeling. And, beyond Gummel Poon BJT 
and Level 3 MOS, you're now ready for 
nonlinear magnetics modeling. Even 
MESFET modeling. 

Analysis and simulation is faster, too. 
Because the program’s now in “C” and 
assembly language. That also means more 
capacity — for simulating even larger 
circuits. 

As always, count on fast circuit crea- 
tion, thanks to window-based operation 
and a schematic editor. Rapid, right-from- 
schematics analysis — AC, DC, fourier and 
transient — via SPICE-like routines. The 
ability to combine digital/analog circuit 
simulations using integrated switch 
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$0 YOU CAN TEST-FLY 
EVEN MORE MODELS. 


models and parameterized macros. And 
stepped component values that stream- 
line multiple-plot generation. 

And don’t forget MICRO-CAP III's 
extended routine list — from impedance, 
Nyquist diagrams and BH plots to Monte 
Carlo for statistical analysis of production 
yield. The algebraic formula parsers for 
plotting virtually any function. The support 
for Hercules, CGA, MCGA, EGA and VGA dis- 
plays. Output for plotters and laser printers. 

Cost? Still only $1495. Evaluation ver- 
sions still only $150. Brochure and demo 
disk still free for the asking. Call or write 
for yours today. And see how easily you can 
get ideas up and flying. 


Transient analysis 


ax SAMs C4 Pays; 2 Bitte ) Slee 
hh Liter 


1021 S. Wolfe Road 
Monte Carlo analysis Sunnyvale, CA 94086 
(408) 738-4387 
CIRCLE NO. 131 939 
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CAE & SOFTWARE DEVELOPMENT TOOLS 


FPGA Development System 


® Captures and simulates 
an FPGA circuit 

® Can drive an FPGA programmer 
The TI Action Logic System (TI- 
ALS) is an FPGA-development 
(field programmable gate array) 
system that consists of both soft- 
ware and programming hardware. 
You can capture schematics, simu- 
late and verify their operation, and 
perform placement and routing as 
well as timing analysis. The pro- 
gram is menu-driven to make it 
easy for users who are not familiar 
with gate-array-design methods. 
The program works with existing 
schematic-capture software and the 
vendor’s TPC Series Macro library; 
this library consists of 212 of the 
most frequently used logic-consoli- 
dation macros. After you’ve com- 
pleted the circuit-design processes 
on the host computer, you can ex- 


port the files to the TI-ALS for de- 
sign verification, automatic place- 
ment and routing, and timing analy- 
sis. Pricing depends on the host 
computer and the capture software. 
Starter system for Orcad capture- 
and simulation-system for 80386- 


based PCs, $7950; with the vendor’s 
Activator programmer, $9950. 
Texas Instruments Inc, Semi- 
conductor Group (SC-9002), Box 
809066, Dallas, TX 75380. Phone 
(800) 232-3200 ext 700. 
Circle No. 357 


Extender For Multiuser 
DOS Environment 


© Runs under Theos operating 
system 
@ Allows several users to share a 
DOS application program 

The Theo+DOS Version 1.1 soft- 
ware package runs on 80386-based 
PCs under the Theos operating sys- 
tem. The package allows multiple 
users to run the same DOS applica- 
tion program simultaneously and to 
exchange files. Each user can also 
run a combination of DOS programs 
and multiuser Theos programs writ- 
ten for a specific application. To add 
users, you just connect an inexpen- 
sive terminal to a multiport serial 
board that plugs into an expansion 
slot of your PC. Theo+DOS exe- 
cutes programs under an actual 
copy of PC-DOS or MS-DOS, 
thereby guaranteeing that the ap- 
plication will be compatible with the 
computer. A special memory-man- 
agement feature allows users to ac- 
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cess 30% more memory than the 
standard 640k bytes. The extender 
also works with VGA, EGA, CGA, 
and Hercules graphics boards. Any 
user can switch between as many 
as 12 active DOS or Theos applica- 
tions by simply pressing a hot key 
associated with a particular applica- 
tion program. $999 for a 9-user li- 
cense. 

Theos Software Corp, 1777 
Botelho Dr, Suite 360, Walnut 
Creek, CA 94596. Phone (415) 935- 
1118. FAX (415) 935-1177. 

Circle No. 358 


Universal Cross-Assembler 


@ Table-driven 
@ Assembles source code for more 
than 20 different wPs 

Cross-16 version 2.0 is a _ table- 
driven cross-assembler that lets you 
assemble source code for more than 
20 different wPs, using the chip 
manufacturer’s original assembly- 


language mnemonics. The cross-as- 
sembler allows you to use arithme- 
tic operators and integer constants 
that are identical in form and prece- 
dence to those used by ANSI C, 
as well as several common assem- 
bler conventions. The cross-assem- 
bler reads the assembly-language 
source file and a corresponding ta- 
ble of assembly-language instruc- 
tions; it generates a list file and an 
absolute object file in binary, Mo- 
torola, or Intel Hex format. You can 
download the object file to most 
EPROM programmers, EPROM 
emulators, and in-circuit emulators. 
The package comes with tables for 
the instruction sets of chip families 
from Motorola, Intel, National 
Semiconductor, and Zilog; the 
user’s manual contains instructions 
for writing new processor tables 
and modifying those that come with 
the package. To run Cross-16, you'll 
need an IBM PC or compatible that 
has at least 256k bytes of RAM and 
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For complete specs 
and FREE evaluation 
packages, call 


800 433-7801 


Tango is the pacesetter in affordable, PC- 
based electronic design. It offers the quality and 
performance engineering professionals demand, and the 


easiest-to-use interface available on any platform, at any price. 


Tango’s powerful lineup. Build your personal CAE/CAD workstation 
with Tango’s start-to-finish design tools. Tango-Schematic,™ just $495, 
includes over 8,000 SEDCO™ parts, the largest library on the PC. Experience 
Tango-PLD’s powerful top-down approach to logic design for only $495. Add 
interactive logic simulation for up to 40,000 gates with Susie.™ 


Starting at just $595, our popular PCB layout tools have designed 
tens of thousands of boards. There’s Tango-PCB PLUS,™ for 
complex designs and Tango-PCB,™ a comprehensive, yet 


economical program for less demanding requirements. Tango 
designers have three fast and efficient autorouting options: 
the high-performance Tango-Route;™ multi-grid, multi- 
layer Tango-Route PLUS;™ and Superoute,™ the 
industry-leading rip-up and re-try, 100% completion 
autorouter. Finally, there’s the SMT Plus Library™ 
supplying proven land patterns for sophisticated 
SMT designs. 


Tango extras at no extra Charge. 
Your investment in Tango software includes 
clear, concise documentation; responsive f 
technical support, free by phone or fax; first / 
year of updates free, with affordable 


annual renewals; our 24-hour Tango BBS; / 
directories of service bureaus and f 
design consultants; a quarterly , 


newsletter; and our money- 


back guarantee. Give us a 
call to discuss your 
design requirements. 
Youll find our 


customer service 1S as 


friendly as our 
software. 


‘Jango 
= Eg 


Helping good ideas become great products. 


ACCEL Technologies, Inc. 
6825 Flanders Drive * San Diego, CA 92121 
619/554-1000 * Fax 619/554-1019 
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runs under DOS 2.0 or a later ver- 
sion. $99. Purchasers of earlier ver- 
sions may upgrade to version 2.0 
at half-price. 

Universal Cross Assemblers, 
Box 6158, Saint John, NB Canada 
E2L 4R6. Phone and FAX (506) 
847-0681. Circle No. 359 


Built-In Analog Ground 
Plane For CAE Software 


® Ground-plane feature 
automatically clears pad space 
® Can create arbitrarily shaped 
copper areas 
An enhanced version of DC/CAD 
software uses artificial-intelligence 
techniques to facilitate the creation 
of ground-plane areas on a circuit 
board. The ground-plane feature 
automatically puts clearance around 
pads and routes that reside inside 
copper-plane areas, and attaches 
the common plane to the copper net 


with a thermal relief. To change the 
circuitry within the copper area, 
just make the changes to the routes 
and instruct the editor to recalcu- 
late the copper plane. The basic 
software package runs on IBM PCs, 
PS/2s, and compatibles. $495. 
Design Computation Inc, Sher- 
man Square, Rte 33, Farmingdale, 
NJ 07727. Phone (201) 938-6661. 
Circle No. 360 


CASE for IBM RISC 
Systems 


@ Provides repository 
and services to link CASE tools 
@ Has tools to help in managing all 
phases of software development 

The Integrated Project Support 
Environment (IPSE) consists of 
two complementary suites of tools: 
the Software Backplane, which is 
a framework that provides a reposi- 
tory and services for linking dispa- 
rate CASE tools, data, and method- 
ologies; and the SoftBoard Series, 
which is a set of applications that 
assist in the development and man- 
agement of all phases of a project 
from requirements definition to 
testing of the code. These tools cur- 
rently run on IBM’s RT PC and will 
be available for IBM’s RISC Sys- 
tem/6000 family of workstations as 
soon as the company begins ship- 
ping them. Single workstation: 
Software Backplane, $4950; Inte- 


GO FROMIDEA. TO PROTOTYPE. 
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gration SoftBoard, $7950; Project 
SoftBoard, $2250. 

Atherton Technology, 1333 Bor- 
deaux Dr, Sunnyvale, CA 94089. 
Phone (408) 734-9822. 

Circle No. 361 


Critical Path Analyzer 


® Calculates critical paths 
@ Works with discrete logic, gate 
arrays, and standard cells 

Quilpath analyzes digital circuits, 
taking into account loading effects, 
wiring delays, differences in rising- 
and falling-edge speeds, and invert- 
ing and noninverting paths. The 
program automatically calculates 
the maximum or minimum path 
through a circuit. You can make the 
program perform a global analysis 
of the complete circuit, or you can 
focus the analysis on selected paths. 
The program runs on IBM PCs and 
compatibles, and is menu-driven. 


By means of an EDIF (Electronic 
Data Interchange Format) transla- 
tor, the program can accept input 
from most popular schematic-cap- 
ture packages. You can download 
a demo version (at no charge) from 
the vendor’s 2400-bps _ bulletin- 
board system (BBS). $200. 

Quilted Logic Technology Inc, 
204 N El Camino Real, Suite E512, 
Encinitas, CA 92024. Phone (619) 
489-1726. BBS (619) 682-0718. 

Circle No. 362 


EPROM Programmer 

@ Plugs into your PC 

@ Four 1M-bit EPROM program- 
ming capacity 

The CLK-6100 is an EPROM pro- 

grammer on a plug-in card to suit 

IBM PC/XTs, PC/ATs, and compa- 

tibles. A range of EPROM adapters 

connects by ribbon cable to provide 

a maximum programming capacity 


of 12 256k-bit or four 1M-bit 


EPROMs. The device comes with 
support software for programming 
all 27xx-series EPROMs and 8&7xx 
microcontrollers. CLK-6100A with 
one adapter, £99. 

Flight Electronics Ltd, Flight 
House, Ascupart St, Southampton 
SO1 1LU, UK. Phone (703) 227721. 
FAX (703) 330039. Circle No. 363 


AUTOMATICALLY. 


The Code Generation System of the Signal Processing WorkSystem" 
automatically converts a DSP or communications system design 
into stand-alone C. This can then be targeted to a variety of DSP micro- 
processors to create instant prototypes. SPW™also produces fully- 
documented C code to run on other platforms. 

Designs created with SPW can be revised or updated with minimal 
effort, dramatically reducing product development time. 

SPW is the only complete, graphical software for all phases of DSP 


and communications product design, simu- 
lation and implementation. And now with 
its expanded Communications Library of 
more than 200 function blocks, SPW’s range 
of design capabilities is broader than ever. 

Arrange for a video demonstration of SPW 
by calling 415-574-5800. See what it can do 
for your designs. Automatically. 
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415-574-5800 
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e AUSTRIA ALLMOS ELECTRONIC (222) 6271954 
OY COMDAX AB (0) 670277. « FRANCE M.T-E. (1) 39618228 e ITALY PRATICA SRL (11) 503427 
¢ SPAIN NOVATRONIC S.A. (4) 4520811 
MACRO DYNAMICS (3) 7202399 * HONG KONG IDEALAND ELEC (3) 7443516 
EAST WEST SYSTEMS (21) 529827 


... With the ultra-extensive MICE 
(Micro In-Circuit Emulator) line 
from Microtek, supporting practi- 
cally all the popular 8,16, and 32 
bit microprocessors. A range of 
emulators so powerful and com- 
plete that none of your develop- 
ment needs are overlooked. 


When you need speed , MICE 
are fast! Swiftly debug high-speed 
targets without accumulating wait 
state and with no distortion 
whatsoever. 


Full software support is readily 
available for the MICE series, 
which can be used in conjunction 
with such popular hosts as the 
*IBM-PC, *NEC-PC, *Sun 
Workstation, *VAX, *MicroVAX 
and *Apollo. 


Add all these factors to the 
streamlined design and affordabili- 
ty of the MICE and you get a 
valuable investment for all your 
microprocessor projects. 


C, PL/M,ASM 


ICROTEK 


Microtek International Inc. (TAIWAN) 
Tel: 886-35-772155 Fax: 886-35-772598 
Telex: 32169 MICROTEK 


Microtek Lab, Inc. (U.S.A.) 


Tel: 1-213-3212121 Fax: 1-213-5381193 
Telex: 797880 MICRO 


Microtek Europe GmbH (W. GERMANY) 


Tel: 49-211-526070 Fax: 49-211-596782 
Telex: 8584020 


* Registered Trademarks: PC/XT/AT, PS/2: International Business Machines; VAX, xV AX: Digital Equipment Corporation; Apollo: Apollo Computer Inc; Sun: Sun Microsystems, Inc: NEC: NEC Corporation. 


¢ BELGIUM SIMAC ELECTRONICS B.V. (2) 2523680 


¢ SWEDEN TRACO AB (8) 930000 ¢ SWITZERLAND TRACO ELECTRONIC AG (1) 2010711 


¢ DENMARK SC METRIC A/S (42) 804200 


¢ ENGLAND ARS MICROSYSTEMS (276) 685005 « FINLAND 
¢ NETHERLANDS DIODE NETHERLAND (3403) 91234 © NORWAY MORGENSTIERNE & CO A/S (2) 289490 
e W. GERMANY ALLMOS ELECTRONIC (89) 8570000 «© AUSTRALIA 


e ISRAEL ARITMOR (3) 5447475 = ¢ JAPAN CORE DIGITAL CORP (3) 7955171 KOREA DAE SANG INC. (2) 8692343 ¢ PAKISTAN 
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e SINGAPORE EPE COMPUTRONICS 7468182 * THAILAND ANA-DIGIT COMPANY (2) 2217040 © ARGENTINA MICROTEK INGENIERIA S.R.L. (1) 469518 © BRAZIL DIGIBYTE 
SISTEMAS DIGITAIS (11) 5814100 © CHILE EQUIPOS INDUSTRIALES S.A.C.I. (2) 716882 
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Sipex means monolithics. Leading-edge interface products that save board space and system power Available today in a full 
family of configurations. Call: 1-800-272-1772 FAX: 508-670-9001. Sipex Corporation, Six Fortune Drive, Billerica, MA 01821 
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LITERATURE 


Listing Of Analog 
Isolation Products 


The company’s guide, 


Isolation 
Products, presents specifications 
for more than 20 isolations, includ- 
ing isolated signal amplifiers, de/de 
power supplies, and signal and 
power-supply combinations. The 
publication details products with a 
broad range of isolation ratings 
from 750 to 3500V rms; with trans- 
former, optical, and capacitive bar- 
rier technologies; and packaged in 
plastic DIPs, surface-mount SOICs, 
and hermetically sealed ceramic 
DIPs. Some new products include 
the ISO212 signal/power combina- 
tion in a ZIP (zig-zag in-line pack- 
age); the ISO122P, a small signal- 
isolation amplifier; and the ISO102/ 
ISO106 signal amps with rated iso- 
lation to 3500V rms. The applica- 
tions section discusses ECG (elec- 
trocardiogram) amplification; ac 
power measurement, isolated inte- 
grating A/D conversion, and iso- 
lated current-loop driver output for 
industrial control. 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Circle No. 351 


Publication Describes 
Integrated CAD System 
The vendor’s trifold brochure dis- 


cusses the functions and features of 
EE Designer III/Extended Version 
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2.2. The pamphlet explains how the 
integrated configuration of the soft- 
ware makes it easier to learn than 
other versions. In addition to dis- 
cussing the software’s functions, 
color photos illustrate how the soft- 
ware handles diverse design tasks 
such as schematic capture, A/D 
simulation, thermal analysis, pc- 
board layout, autorouting, and fab- 
rication drawings. Finally, the bro- 
chure offers a complete list of speci- 
fications, interfaces to other soft- 
ware systems, and basic hardware 
requirements for running the soft- 
ware. 

Visionics Corp, 3032 Bunker Hill 
Lane, Suite 201, Santa Clara, CA 
95054. Circle No. 352 


Release Of 
Development-Tool Guide 


The company’s Development Tool 
Guide provides a catalog of emula- 
tors and applications information. 
An application note, in discussing 
the use of source-level debuggers, 
points out the improvements in this 
technology, especially when work- 
ing in C. The note also deals with 
the subtle compatibility issues that 
arise when using a source-level de- 
bugger. According to the vendor, 
the guide is the only complete cata- 
log of emulators. 

Softaid Inc, 8930 Route 108, Co- 
lumbia, MD 21045. Circle No. 353 


Product-Family 
Handbooks 


The company’s set of 10 handbooks 
consists of the following titles: Pe- 
ripherals, $24.95; Memory, $19.95; 
Microcomputer Boards and Sys- 
tems, $19.95; Microcommunica- 
tions, (two volumes) $26.95; 16-Bit 
E’mbedded Controllers, $20; 8-Bit 
Embedded Controllers, $20; 16/32- 
Bit Embedded Processors, $21.95; 
Embedded Applications, $20; Pro- 


grammable Logic, $18; and Micro- 

processors, $24.95. The Product 

Guide is free. You can purchase the 

publications individually, or as a set 

for $159. 

Intel Literature Sales, 

58180, Santa Clara, CA 95052. 

INQUIRE DIRECT 


Box 


Computer-Based 
Interfaces Presented 


The vendor’s 1990 Volume 22 Cata- 
log presents data on complete lines 
of data-acquisition, industrial-con- 
trol and monitoring, video-imaging, 
signal-conditioning, personal-instru- 
mentation, and communications 
products for IBM PC, PC/XT, PC/ 
AT, PS/2, and Macintosh II micro- 
computers and compatibles. Some 
of the products featured in the 384- 
pg publication are WorkHorse, a se- 
ries of high-speed industrial-control 
and monitoring products; the DAS- 
HRES, a 16-bit data-acquisition 
board; and the MV-Spectrum, a 
VGA graphics/overlay frame-grab- 
ber board. The handbook also con- 
tains selection guides and applica- 

tion notes. 
Keithley MetraByte, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Circle No. 354 
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An Award-Winning Line of Modem ICs and Support Chips 


Silicon systems has added a large sup- 
porting cast of modem protocol and bus 
interface ICs to its award-winning line of 
modem products. This cast is made up 
of avariety of modem devices and chip 
sets which provide turnkey solutions for 
quick and easy modem system design. 
For integral modem applications, the cast 
includes bus interface and protocol con- 
troller products for MS-DOS and 0S/2® 
compatibility in PCs, portable terminals, 
and other systems. 

Modem device sets are available 
for AT protocol, MNP-5, CCITT V.42 and 
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V.42 bis applications at speeds up fo 
2400 bit/s. These turnkey solutions can 
help you shorten your design cycle and 
allow you to add the latest standards, 
such as V.42 bis, with minimum software 
requirements. 

In further support of its world-class 
K-Series modem devices and device sets, 
Silicon Systems has developed an exclu- 
sive family of compact 28-pin UARTSs. 
These products have the lowest power 
and smallest footprint available and are 
provided in DIP or PLCC packages for 
both MS-DOS and OS/2 architectures. 


silicon el 


CIRCLE NO. 135 


If you want to reduce your design effort, 
shorten your design cycles, and have 
faster access to new industry standards 
like the CCITT V.42 error-control protocol — 
send for our literature package CPD-2. 


Call your local representative or 
nearest Hall-Mark distributor, or contact: 


Silicon Systems, Inc., U.S.A. 

14351 Myford Road, Tustin, CA 92680. 
Ph: (714) 731-710, FAX: (714) 669-8814. 
European Hdq. U.K. Ph: (44) 7983-233]. 
U.K. FAX: (44) 7983-2117. 


0S/2® is a registered trademark of Microsoft 
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Because you’re 
thinking fast... 


you need responsive sup- 
pliers as well as fast parts. 
Comlinear is tuned in. With 
high quality, high-speed 
products. Assistance from 
R&D-level applications 
engineers to help develop 
your ideas quicker. Off- 
the-shelf MIL-STD-883 
compliant monolithics and 
hybrids. Quality product 
documentation with guar- 
anteed specs so you don't 
waste time. In your busi- 
ness, time is everything. 
Count on us for the speed 


aie Introducing the 
DriveR-amps’... power them up 
and drive away. 


Now, you have alternatives to 
in-house driver-amplifier designs. 
Because Comlinear is announcing 
the first two in a class of of f-the- 
shelf DriveR-amps. 

You’ ve never seen amplifiers 
like these before. With high drive 
they handle difficult loads at high 
speed. 2nd and 3rd harmonic 
distortion are a low -51 and 
-48dBc (18dBm, 20MHz). Plus, 
user-defined output resistance elim- 
inates backmatching resistors. 

Pick the CLC560, with 10ns 
settling to 0.1%, for driving in 
the time-domain... pulse and 
arbitrary waveform generators, 
for example. Or the CLC561, with 
minimum 135MHz large-signal 
(10Vpp) bandwidth, for frequency- 
domain designs such as sine-wave 
generators/synthesizers. Both are 
great A/D drivers. So wherever 
you're heading, find out how 
to improve your driving .. . fast. 


fl : | Com l) or, if For more information, contact the representative in your area. 


Corporation aly ar United Kingdon 

. ie Tekelec Airtronic Joseph Electronics, Ltd.  MicroElit S.P.A. Anatronic, S.A. Joseph 
Sol ULIONS WI th S peed 02-360.12.88 44-21-643-6999 02-4817900 91-5424455 Electronics, Ltd. 

021-643-6999 
4800 Wheaton Drive France Israel Netherlands Switzerland West Germany 
Fort Collins, Colorado 80525 Micro Puissance —Elul Technologies Tekelec Airtronic —_‘Transtech Transtech 
: 1-69.07.12.11 3-264161 079-310100 Hochfrequenz AG Hochfrequenz GMBH 

(303) 226-0500 : 7 
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And get a view 


of these fast 


Op amps... Fiber-Optic Routes For 


Long-Haul Carriers Mapped 


The company’s fifth edition of its 
fiber-optic long-haul-systems map 
illustrates the routes of 19 long-dis- 
tance telephone companies located 
in the US and Canada. The map 
features routes in operation as well 
as routes planned for 300 cities in 
1990. Also included are changes 
wrought by mergers and acquisi- 
tions during the past year. The map 
measures 29’ x 22 in. $75. 
KMI, America’s Cup Ave at 31 
Bridge St, Newport, RI 02840. 
INQUIRE DIRECT 
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High-speed video op amp 
with disable. 

The new 200MHz CLC410, 
with a 200ns disable function, has 
differential gain/phase specs of 
0.01%/0.01° Power consumption is 
160mW on, 40mW disabled. Ideal 
for video switching/distribution 


and low-power applications. 


CIRCLE NO. 137 


Fast 12-bit clamping amp. 


For A/D and D/A converter 
designs, the CLC502 settles 


Library Of Spice 
Macromodel Op Amps 
This IBM PC/AT-compatible disk 
offers more than 40 Spice macro- 
models for the company’s op amps. 
Also included on the disk is a dem- 
onstration version of PSpice from 
MicroSim Corp, which allows you 
to test models in many standard 
configurations. 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 


Input Voltage 90 to 130 VAC 
(47/440Hz) 

Single, Dual, Triple Outputs 
1200V Rms Isolation 

Low Isolation Capacity 
Available 


Continuous Short Circuit 
Protection 


; High Efficiency 
to 0.01% in 18ns. It has output 95035. INQUIRE DIRECT 
‘clamping to protect sensitive @ Fully Regulated Voltage 
loads. Plus fast overload recovery Outputs 


Operating Temperature 

— 25°C. to + 70°C. with No 
Heat Sink or Electrical 
Derating Required 
Expanded Operating 
Temperature Available 

(— 55°C. to + 85°C. ambient) 
Optional Environmental 
Screening Available 


so overdrive signals don’t mask 
important information. 
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DATA CONVERTERS 


PICO manufactures complete lines of 
Transformers, Inductors, DC-DC Converters 


ste ae oar ESD ANS CONVERSION snd AC-DC Power Supplies 
settling, low cost. stock to 
one week 


Our 200MHz low-gain and our 
150MHZ high-gain op amps offer 
high performance at low cost. 
Both the CLC400 and 401 have 
10ns settling to 0.1%. Versions are 
available in MIL-STD-883, PDIP, 


SO-8, industrial ceramic and die. 
CIRCLE NO. 139 


Brochure Presents Overview 
Of Data Converters 

This 6-pg foldout brochure lists 
data-converter components and 
highlights more than 25 new prod- 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 
IN NEW YORK CALL 914-699-5514 
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NOW! HIGH VOLUME-LOW COST 
_ DOWNCONVERTER ICs FOR © 
KU-BAND SATELLITE DISHES 


i i 


Only ANADIGICS gives you downconverter 

IC chips for less than $10 each ... in quantities 
of 100,000 ... immediately! They increase 
reliability, reduce the number of components, 
shrink overall downconverter size, and cut 
your engineering and assembly time. The 
result? With ANADIGICS, you get to market 
faster, for less, with unmatched reliability. And 
| well give you application assistance or a 


sample downconverter IC with a fixture ready 
to hook up to your test bench. Call our 
AKD 12000 Marketing Department today at 201-668-5000 
AKD 12010 or write to ANADIGICS, 35 Technology Drive, 
AKD 12071 Box 4915, Warren, NJ 07060 


Off-The-Shelf Delivery FAX 201-668-5068 


® See Us At MTTS Booth #1422 
\ | CIRCLE NO. 140 
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oy Your GaAs IC Source 


SOLU TION 


to your 
marketing 
budget blues — 
the EDN Info 
Card Pack. At 


2¢ per name, 
the EDN Info 


Card Pack 
can reach 
over 123,000 
engineering 
specifiers 
affordably. 


Contact Donna Pono EDN Info Cards, 


(617) 558-4282 


Magazine 
ke Edition 

News 

Edition 


A Partnership in Power 
and Prestige Worldwide 
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ucts. The guide lists key electrical 
specifications and prices. Among 
the product categories are sam- 
pling, high-performance, and gen- 
eral-purpose ADCs; data-acquisi- 
tion systems; S/H amplifiers; high- 
resolution components; DACs; op- 
erational, instrumentation, and 1so- 
lation amplifiers; tunable active fil- 
ters; multiplexers; and voltage-ref- 
erence and V/F converters. 

Datel Inc, 11 Cabot Blvd, Mans- 
field, MA 02048. Circle No. 355 


30-Year Evolution 
Of Digital Voltmeter 


This 12-pg brochure traces digital 
voltmeter development since 1960. 
Liberally illustrated, the publica- 
tion compares specifications of mod- 
els introduced during the period. It 
examines principles of operation 
and key component technologies, 
notably for displays and internal 
reference standards, and it reviews 
calibration and traceability figures 
over the years. 

Schlumberger Technologies, In- 
struments Div, Victoria Rd, Farn- 
borough GU14 7PW, UK. 
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GOWANDA 


for reliable 
precision 
and top 
performance 


x 


LCR BRIDGE CO 
RF MOLDED CHOKES 


Inductance values: 1Q0puH to 
1,000uH. Three standard series for 
LCR Bridge testing. 


RF MOLDED CHOKES 
Inductance values: .10yuH to 
10,000uH. Nine standard series for 
Q-meter testing. 


RF SHIELDED CHOKES 
Inductance values: .10uH to 
10,000uH. 


Manufactured to MIL-C-15305 standards. 


Patent Pending. 


For complete information 


Call 716-532-2234 


or write today 
GOWANDA ELECTRONICS CORP. 
NO. 1 INDUSTRIAL PLACE 
GOWANDA, NEW YORK 14070 


TWX 710-529-1211 Made in U.S.A. 


CIRCLE NO. 27 
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EDN’s 
CHARTER 


EDN is written for profes- 
sionals in the worldwide elec- 
tronics industry who design, 
or manage the design of, 
products ranging from cir- 
Cuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers. 


EDN covers new and devel- 
oping technologies to inform 
its readers of practical de- 
sign matters that will be of 
concern to them at once or 
in the near future. 


EDN covers new products 

¢ that are immediately or 
imminently available for 
purchase 

¢ that have technical data 
specified in enough de- 
tail to permit practical 
application 

¢ for which accurate price 
information is available. 


EDN’s Magazine Edition 
also provides specific ‘‘how 
to” design information that 
its readers can use imme- 
diately. From time to time, 
EDN’s technical editors un- 
dertake special ‘“‘hands on”’ 
engineering projects that 
demonstrate EDN’s commit- 
ment to readers’ needs for 
useful design information. 


EDN’s News Edition also 
provides comprehensive 
analysis and news of tech- 
nology, products, careers, 
and distribution. 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 


246 


BUSINESS/CORPORATE STAFF 


Peter D Coley 

VP/Publisher 

Newton, MA 02158 

(617) 964-3030; Telex 940573 


Ora Dunbar, Assistant/Sales Coordinator 


Mark J Holdreith 

Associate Publisher 

Newton, MA 02158 

(617) 964-3030 

Heather McElkenny, Assistant 


Deborah Virtue 
Business Director 
Newton, MA 02158 
(617) 964-3030 


NEW ENGLAND 

Chris Platt, Regional Manager 
Clint Baker, Regional Manager 
199 Wells Ave 

Newton, MA 02159 

(617) 964-3730 


STAMFORD 06904 

George Isbell, Regional Manager 
8 Stamford Forum, Box 10277 
(203) 328-2580 


NEW YORK, NY 10011 

Daniel J Rowland, Regional Manager 
249 West 17th St 

(212) 463-6419 


PHILADELPHIA AREA 

Steve Farkas, Regional Manager 
487 Devon Park Dr, Suite 206 
Wayne, PA 19087 

(215) 293-1212 


CHICAGO AREA 

Greg Anastos, Regional Manager 
Jack Johnson, Regional Manager 
Holli Gronset, Telemarketing 
Cahners Plaza 

1350 E Touhy Ave, Box 5080 

Des Plaines, IL 60017 

(708) 635-8800 


DENVER 80206 

John Huff, Regional Manager 
44 Cook St 

(303) 388-4511 


DALLAS 75243 

Don Ward, Regional Manager 
9330 LBJ Freeway, Suite 1060 
(214) 644-3683 


SAN JOSE 95128 

Walt Patstone, Regional Manager 

Bill Klanke, Regional Manager 
Philip J Branon, Regional Manager 
James W Graham, Regional Manager 
3031 Tisch Way, Suite 100 

(408) 243-8838 


LOS ANGELES 90064 
Charles J Stillman, Jr 
Regional Manager 
12233 W Olympic Blvd 
(213) 826-5818 


ORANGE COUNTY/SAN DIEGO 92715 


Jim McErlean, Regional Manager 
18818 Teller Ave, Suite 170 
Irvine, CA 

(714) 851-9422 


PORTLAND, OREGON 97221 
Pat Dakin, Regional Manager 
Walt Patstone, Regional Manager 
1750 SW Skyline Blvd, Box 6 
(503) 297-3382 


UNITED KINGDOM/BENELUX 
Jan Dawson, Regional Manager 
27 Paul St 

London EC2A 4JU UK 

44 01-628 7030 

Telex: 914911; FAX: 01-628 5984 


SCANDINAVIA 

Stuart Smith 

27 Paul St 

London EC2A 4JU UK 

01-628 7030 

Telex: 914911; FAX: 01-628 5984 


FRANCE/ITALY/SPAIN 
Alasdair Melville 

c/o Editions JCB 

Bureau 443 

14 Boulevard Poissonniere 
75009 Paris France 

(331) 45 23 22 04 

Fax: (331) 42 46 84 43 
Telex: 648245 


WEST GERMANY 

Wolfgang Richter 

Sudring 53 

7240 Horb/Neckar, West Germany 
49-7451-7828; Telex: 765450 


AUSTRIA/SWITZERLAND/BAVARIAN GERMANY 
Hans Haller 

Preysingstrasse 30 

8000 Munich 80 West Germany 

(49) 89 48 8054 

Fax: (49) 89 47 080 73 


ISRAEL 

Asa Talbar 

Talbar Media 

5 Bnei Brit St 

Jerusalem 95146 Israel 

0222 8 083; Fax: 9722-247-403 


FAR EAST 

Jack Kompan, Asian Director of Marketing 
18818 Teller Ave, Suite 170 

Irvine, CA 92715 

(714) 851-9422: Telex: 183653 


HONG KONG 

John Byrne & Associates Ltd 
1613 Hutchison House 

10 HGarcourt Road 

Central Hong Kong 


_ Tel: 5-265474 


Telex: 61708 WEDIN HX 
Fax: 5-8106781 


JAPAN 

Kaoru Hara 

Dynaco International Inc 

Suite 1003, Sun-Palace Shinjuku 
8-12-1 Nishishinjuku, Shinjuku-ku 
Tokyo 160, Japan 

Tel: (03) 366-8301 

Telex: J2322609 DYNACO 


KOREA 

Seo Jeong-Gwon 

Doo Bee International Ltd 
Center Bidg 

1-11, Jeong-dong 
Choong-ku, Seoul Korea 
02-776-2096 

Fax: 02-755-9860 

Telex: K27117 DOOBEES 


SINGAPORE/MALAYSIA/INDONESIA/THAILAND/ 
THE PHILIPPINES/AUSTRALIA/NEW ZEALAND 
Asia Pacific Media House PTE Ltd 

Peter Cheong 

100 Beach Rd 

#24-03 Shaw Tower 

Singapore 0718 

Tel: 2915354; Telex: RS 50026 MESPLY 


TAIWAN 

Acteam International Marketing Corp 
6F, No 43, Lane 13 

Kwang Fu South Rd 

Mailing Box 18-91 

Taipei, Taiwan ROC 

760-6209 or 760-6210 

Telex: 29809; FAX: (02) 7604784 


PRODUCT MART 
Joanne Dorian, Manager 
249 West 17th St 

New York, NY 10011 
(212) 463-6415 


INFO CARDS 
Donna Pono 
Newton, MA 02158 
(617) 558-4282 


CAREER OPPORTUNITIES/CAREER NEWS 
Roberta Renard, National Sales Manager 

103 Eisenhower Parkwa 

Roseland, NJ 07068; (201) 228-8602 


Janet O Penn, Eastern Sales Manager 
103 Eisenhower Parkwa 
Roseland, NJ 07068; (201) 228-8610 


Paula Compton, Western Sales Manager 
18818 Teller Ave, Suite 170 
Irvine, CA 92715; (714) 851-9422 


Diane Philipbar, Sales Assistant 
103 Eisenhower Parkwa 
Roseland, NJ 07068; (201) 228-8608 


Wendy A Casella, Nan E Coulter, Aileen B Turner, 
Aadvertising/Contracts Coordinators; (617) 964-3030 


William Platt, Senior Vice President, Reed Publishing USA 


Cahners Magazine Division 

Terry McDermott, President, Cahners Publishing Co 

Frank Sibley, Senior Vice President/General Manager, 
Boston Division 

Tom Dellamaria, VP/Production & Manufacturing 


Circulation: Denver, CO: (303) 388-4511 
Eric Schmierer, Group Manager 


Reprints of EDN articles are available on a custom 
printing basis at reasonable prices in quantities of 500 
or more. For an exact quote, contact Joanne R 
Westphal, Cahners Reprint Service, Cahners Plaza, 
1350 E Touhy Ave, Box 5080, Des Plaines, IL 60018. 
Phone (708) 635-8800. 


EDN April 12, 1990 


Vhy 90% of the 
~ Top Electronics Companies 
Use CAPS 


for IC and eitondicns Search and Selection 


- The CAPS" IC and Semiconductor Search and | | | 
Selection System boosts your productivity and CAPS Keeps Pace with Technology 


pays for itself by saving you hours of drudgery With CAPS, you get updates every 
_and frustration. Engineers and designers who month, including new component 
use CAPS consistently report productivity information, datasheets, and 
gains between 5:1 and 10:1 over manual revisions to existing information. 
- methods! | _ CAPS also keeps track of obsolete 
components { for ee 


CAPS Finds Facts Fast 


~ CAPS’ CD-ROM database gives you instant Sr ot 
~ access to complete technical data on more - oe » eae 

- than 470,000 IC and semiconductor components 
from over 425 manufacturers worldwide. 


Be CAPS Gives You Control. 


CAPS puts you in charge. In seconds, you can 
~_ search the database using either simple queries ¢ Of 
- special criteria to pinpoint a specific component ce 
: ee several candidates. 


PS Delivers the Big Picture 


CAPS includes hundreds of thousands of digital: 
stored images of manufacturers’ datasheet pages, | 
complete with unabridged text and graphics. 
CAPS even provides cost information and 
you how to contact manufacturers. 


. 275 Washington Street 

. eee eres 
CAPS: isa trademark of Reed 4 Publishing U. s. A. yr ine 

_ IBMisaregistered trademark and ATis isa eee 


Business Machines Corporation. - 
ae isa a registered sega: of Sun Mi 


BOOK REVIEW 


Treat yourself 
to a spy thriller 


The Cuckoo’s Egg, by Clifford Stoll. 
326 pgs; $19.95. ISBN 0-385-24946- 
2. Doubleday, New York, NY 1989. 


Here’s a detective story that 
most EDN readers will enjoy—at 
least those with an interest in inter- 
national sleuthing, computers, and 
hackers. Many nontechnical readers 
will enjoy it, too. The story is even 
more exciting, because what you 
read about actually happened to the 
author. In the tradition of Alistair 
McLean and Tom Clancy, Stoll 
spins out a story of espionage and 
computer hacking that will hold 
your attention until you finish the 
book. A word to the wise—don’t 
start this book on a weeknight un- 
less you're a speed reader. 

Like most mysteries, Stoll’s 
starts with a small clue: a 75-cent 
accounting error for computer time 
at the Lawrence Berkeley Labora- 
tory (LBL) where he works. Track- 
ing down such a small error seems 
like a good first job for an astrono- 
mer who now finds himself trans- 
planted to LBL’s computer center. 
At first, finding the error looks easy 
because several programs have 
kept track of computer use, and the 
accounting information should be 
the same for each. But for Stoll, the 
Unix-based computers are  un- 
known territory, so it takes him 
several days to realize that the ac- 
counts are accurate. Instead, an un- 
authorized user has stolen the unac- 
counted-for time. 

But how do you track down such 
a person? Stoll starts by attaching 
a printer to each incoming serial 
line so that he’ll have a hard copy 
of every computer access—includ- 
ing log-ons, file transfers, and pro- 
gram dumps. A computer program 
within the system could do the same 
things, but Stoll reasons that a pro- 


ficient hacker might recognize the 


presence of such a program and stay 
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away from the computer, thus foil- 
ing attempts to trace him. Stoll’s 
intuition about the hacker pays 
off—he turns out to know the com- 
puter’s Unix operating system well 
and gains access to it by laying a 
“cuckoo’s egg” in the system. 

Like the cuckoo bird that slips its 
eggs into other birds’ nests, the 
hacker places his “egg” within Unix 
so that he becomes a super user— 
one who can control the entire com- 
puter system. Even when you know 
how a hacker gets into your com- 
puter, tracking him down can in- 
volve months of careful sleuthing: 
tracing phone lines and working 
with other computer-systems peo- 
ple around the US, and with tele- 
phone service people. Stoll does it 
all, both on his own and with others. 

Although Stoll’s hacker damages 
no files or programs, the topics he 
seeks involve military research and 
include topics such as the Strategic 
Defense Initiative (SDI), Strategic 
Air Command (SAC), and White 
Sands Missile Range. Also, once the 
hacker gets into the LBL computer, 
he probes hundreds of other com- 
puters through the US Defense De- 
partment’s Milnet and Arpanet. To 
Stoll, searches for key words and 
acronyms such as SDI on Arpanet 
are signs of danger. This hacker is 
looking for serious information. It 
is unlikely he’s a high-school kid 
with a PC and a new modem, or a 
college student using a terminal on 
the University of California’s 
Berkeley campus. 

Now that Stoll’s printer outputs 
list such information searches, it 
should be easy to interest the FBI, 
CIA, or National Security Agency 
(NSA) in the attempted break-ins. 
One of Stoll’s key points is that 
these government agencies—and 
others—get involved reluctantly 
and hesitate to take action unless 
they involve outright theft or loss 
of assets. Stoll’s persistence eventu- 
ally persuades these groups that he 
is serious and that the hacker is a 


threat. In fact, Stoll devotes quite 
a bit of the book to the details of 
“working” with the government. 

Stoll’s experiences reinforce my 
pessimistic view of what the US 
government is doing—if anything— 
to protect and secure computer sys- 
tems and information from un- 
authorized users. All too often the 
protectors of the computers that 
Stoll notes in his book swear that 
their systems are immune to attack. 
Stoll’s traces and printouts prove 
otherwise, and he makes the point 
that if your computer has a line 
that’s available to outsiders, it’s 
open to attack. Stoll’s unflattering 
portrait of the government agencies 
begs for a response and for decisive 
action. Too many users have little 
concern for computer security. 

In all fairness, many of the people 
that Stoll worked with cooperated 
to the extent they could, as indi- 
viduals, and worked to keep Stoll 
on the hacker’s trail. But I won’t 
spoil the chase and the ending for 
you. If you’re interested in a good 
technical thriller that will hold your 
interest and make you think about 
the security of your own computers, 
this is the book for you.—Jon Titus 


WHAT’S COMING 
IN EDN 


EDN Magazine’s April 26, 1990, is- 
sue will feature a staff-written Spe- 
cial Report on DSP add-in boards 
for IBM PCs. Part 1 of our de- 
signer’s guide to precision current 
sources will discuss current- 
source basics and analyze practi- 
cal circuits. EDN’s All-Star PC pro- 
ject will continue with part 4, which 
will focus on operating-system 
software. Also, remember to look 
for our regular departments. 


EDN April 12, 1990 


“A SINGLE AD IN EDN NEWS EDITION 
GENERATED AN INQUIRY LEADING 
TO A $2 MILLION OPPORTUNITY!” 


John Poturny, President Fred Silver, Director of Marketing 
Poturny & Associates Rantec 
Northridge, CA Chatsworth, CA 


Advertising results. Agencies want them. Clients need them. 


“When I was on the client side, I demanded sales results from my 
advertising dollars,” says John Poturny, President of Poturny & 
Associates. “Today I’m on the agency side, and I expect the same for 
my clients — advertising that generates sales.” 


Advertising results. A publication must provide them. 


“After running ads in EDN News Edition, our phones ring and proposal 
activity soars immediately for our military power supplies,” says Fred 
Silver, Director of Marketing at Rantec, a division of Emerson Electric. 


Advertising results. For Poturny & Associates and Rantec, EDN News 
Edition gets them. 


“We traced prototype orders worth $2 million in sales to a lead 
generated by our ad in EDN News Edition,” said Silver. 


Both Silver and Poturny agree about the power of EDN News Edition, 
“it gets results.” 


Fred Silver 
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EDN News Edition works for marketing 
| communication partners, Poturny & 
Associates and Rantec. It can work for you. 


Where Advertising Works 
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What distinguishes 
ELECTRO and sets it 


apart from all other 
conferences on the East Coast? 


The breadth and depth of the many segments of 
the electronics industry gathered in one forum, at 
one time with the newest and most advanced 
electronics products and technologies. Only 
ELECTRO successfully integrates product 
presentations and updates on the current state of 
technology into a multidisciplinary concurrent 
engineering framework. 


When you come to ELECTRO, it’s like attending 
several vertical shows at once. Nowhere else can 
you see what’s new in components, instruments, 
EDA tools, power supplies, production materials, 
engineering services and more at one industry 
event. No other conference offers you the 

wide variety of learning opportunities available 
at ELECTRO. 


This revolutionary approach makes ELECTRO 
your best learning value and the one event YOU 
CANNOT MISS in 1990. Don’t be left behind. 


A More than 5,000 products being 
demonstrated by experts knowledgeable in their 
uses and applications 


A More than 800 vendors 


A 51 educational idea-generating tutorials and 
technical sessions organized in the following 
tracks: ¢ Marketing ¢ Devices 

e Electronic CAx ¢ Mechanical CAx 

e CASE ¢ Manufacturing CAx ¢ Test 

e Quality « Education ¢ General 


A Keynote address by Thomas H. 
Bruggere, chairman of the board and chief execu- 
tive officer of Mentor Graphics Corp. 


A Purchasing conference on 

“Purchasing’s Role in Corporate Success” 
with Frank Tahmoush, Polaroid Corp., and Robert 
Nahabit, Nahabit Associates 


¢ Electro/2© 


The Boston T.E.A. Party 


May 9-10-11, 1990 


John B. Hynes Veterans Memorial Convention Center 
and Bayside Exposition Center in Boston, Mass. 


For FREE registration and more information, call 213/215-EXPO 


Sponsored by Region 1, CNEC and METSAC, IEEE and New England and New York Chapters, ERA @fp 


CIRCLE NO. 143 
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This advertising is for new and current products. 


Please circle Reader Service number 


for additional i inform 


og 26 “gt CATALOG with all 
_ styles and designs of matching 
instrument knobs illustrated. 


Fax us your specs—we will 
Fax gd a quote...immediately! 


555 Marion Road 
Columbus, OH 43207 
Fax: 614/445-8224 Phone: 614/445-8433 
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LEXAN’ LENSES 


Lenses for display and two-way 
communications equipment. 
ADVANTAGES: 
* Die cut instead of injection molded or machined, 
results in cost savings 
¢ Scratch resistant surface... MARNOT™ coated 
¢ Protective cling both sides prevents particulate 
contamination 
e Tolerances - can be held to +.005” 
¢ Thickness - up to .040” 
FINISHES: 
e Hardcoat one or two sides - non glare 
¢ Screen or tampo printed 
e Selective placement of adhesive 
© Colors available - clear, white, red or black 
These materials are currently being used on cellular phones, 
display screens, beepers, lap top computers, telephones, etc. 


the hirol company 


1170 West McNab Road, Ft. Lauderdale, FL 33309 
305-974-4900 1-800-327-2362 Fax 305-975-4734 
®Registered trademark of General Electric ™Trademark of Tekra Corp. 
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He oe He 


“The Best 8051 Emulator”’ 


SEE EEM 


Pages D 1324-1326 


PC based emulators for the 8051 emily, 
8031, 8032, 8051, 8052, 80C152/154/321/451/452/51FA/515/517/535/537/552/ 
4 — 1, 80532, 83045 2/851, 8344, SS 


|. “Bond-out” pods for 8051, 8 


83C751, 80C515/80C517, 83C752. 
Prices: 32K Emulator 8031 $1790; 4K Trace $1495" 


- OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO 


~~ NOHAaY &:: 51 E. resp te — oe 
ra 5 a0e) STB-7668 . 


CORPORATION (408) 866-1820 
: ae 3) 


Please see us at Electro Booth #1121 
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New Analog + Digital 
Oscilloscopes from Fluke! 


_ Fastest sampling in this price range. 


¢ Analog & Digital performance combined. 


© Up to 250 MS/s real-time sampling rate, 
100 MHz B/W. 


© Five a ass models from $2350. 


Call 1-800-44-FLUKE, ext. 77 today a 


literature and/or video. 


1292-P3350 FLU K E 
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tion from manufacturers. 


-PAL™/ PLD SOFTWARE 
Sets The Standard 


Nol... 
Protected 


CUPL™ PLD compiler, the most powerful language 
for state machine logic design, now allows front 
end design entry with popular schematic capture 
packages such as OrCAD, P-CAD, Schema or 
Hi-Wire. CUPL supports all PLDs and carries the 
most extensive update program. Available on 
MS-DOS™, Apollo™, Sun™ VAX™ and most UNIX™ 
based platforms. 


LOGICAL 


DEVICES, INC. 


4201 N.W. 65th Place 
Ft. Lauderdale, FL 33309 
Fax: 305-974-8531 


1-800-331-7766 
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= 60dB display dynamic range 

= 40dB spurious rejection 

= 50 uv sensit,+ 2dB flatness. 

= 1KVDC, 1v/+15dBm @ 100MHz 
max input as isolated by 10pF 

= +5% hor frequency linearity 


107 SPECTRUM PROBE ~ 


converts a scope into a 
100MHz spectrum analyzer 


$1 99 direct 


30 Day refund, ~VISA/MC 
Operator’s manual & app. ideas © 


Smith Design - 1324 Harris 
Dresher, PA 19025 (215) 643-6340 
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Analo Circuit Simulation 


File Edit Options Launch 


a |e Sample.cir Semmes! Help Index 
Sample.out 
Select o Program to Launch Bae = : ; 
ee a ea ae agin serie amcmin ener 
Edit Tent Files 


& Launch SPICE 


nel IsSpice (c> copyright Intusoft 1985,80 
fin adaptation of UC Berkeley SPICE 20.6 
sisuw's for use on personal coaputers..... 


RS-232 TO CURRENT LOOP 
CONVERTER 


MODEL 65-OPTICALLY ISOLATED 


SAVE SPACE WITH Q/PAC® COMPONENTS 
e Provide built-in capacitance 
e Eliminate decoupling capacitance 


fnalysis of SAMPLE LASER DRIVER 


CALL 1-800-835-3298 e Gain 4-layer board quietness 
SE dl te with 2-layer economy 


¢ 20/60 MA OPERATION e Vertical or horizontal mounting 


e HDX/FDX $ 1 ele) 
e DTE/DCE SELECT 


Send for Rogers Q/PAC® 
¢ SELF POWERED Application Bulletin. 
od =O ope (7 E Pulaski Ra. Greenlawn, NY Rogers Corp., 2400 S. Roosevelt St. 
a LL dettectah ea eee =| Tempe, AZ 85282 602/967-0624 
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EXPRO-40 PC-Based beta be = 
Universal Device Programmer Introductory Offer | amnuer Why Do 


™ i a Designers 
5 $525 § & Tester . IMS the “intelligent Menu System” ey Ceous: 
‘ oe =e: Protel ? 


” S 0 ae E23 q Protel 
& Menu driven environment for all fer ee as S a. 
OrCAD™ CAE products Ve Sets the 
No more command line drudgery! job done ! 


Does not impact working RAM space Professional Quality CAD Tools 
Easy custom configuration Protel offers a full suite of PC-based high-performance 


PCB an aga tools das oe eat & gue and some 
interfaces, free tec <MS support, S an 30-da 
PC-ADAPTER DTYPE “sig oe ee nalie ya bie te : ce ere ey PCB piney back ee ewnice PF y 
ies together all utilities with a user friendly PoP-Up menu ; 
CARD : 37 PINS CABLE : P Schematic S495 


Easy access to all programs and utilities 


Popular precision digital and analog schematic design. ‘ 
( Dealer 
8 SOFTWARES AVAILABLE FOR IMS Adds powerful new features: SAVE $60.00 FF Autotrax 295 Inquiries 
POPULAR DEVICE PROGRAMMING en Com lete PCB layout with automatic placement & rout- Tole e 
@ Plot Spooler only ing for both through-hole and SMD designs. Supports We Icom 
EPROM:NMOS or CMOS EEPROM:2816, 17A, 64A, 256A... File Viewer / Editor $4 99 00 standard printing/ plotting formats and up to 4MB EMS 
BPROM: From 32x 8 to 4096 x 8 Bipolar PROM MMI, NS, Directory Manager s Traxstar S 1495 
Signetics, Tl, AMD, Motorola, Harris, Cypress MPU 8748: On-line Help System ORDER NOW! Powerful multi-layer rip-up and re-try autorouter. Han- 


dles over 700 ICs and a board of up to 20x32 inches. 


Traxview S695 
Full-featured interactive Gerber viewer and editor with 
automatic panelization for multiple Gerber files. 


8748, 48H, 49H, 41A, 42H, 41AH, 42AH, 48AH, 49AH And More! 
MPU 8751:8751/H, 52/H, 44/H, 51BH, 52BH, C51, C252 
PAL, EPLD, GAL, CMOS PAL: MMI, NS, TI, AMD, Cypress 


Before invest in a PCB desi duct 
Lattice, 16R8, 20V8, 20110, 22V10, 22610, 16V8, 20V8. OrCAD id a tigdamarh of Orcad Busiame Carparetion tomorrow. Call toll Eee (B00) $44-41n6 
IC Tester: 74xx, 40xx, 45xx, DRAM IMS is a trademeark of Velotec, Inc. for one of our free demo-disks today. 


in CA, HI, AK, or Canada, call: (408) 437-7771 


SONG" international, Inc. Bs a ; - Pt era ead Protel Technology Inc. 
44061 So. Grimmer Blvd., Fremont, CA 94538 vierere (714) 632-9769 50 Alcport Packway (408) 437-7771 
Tel: (41 5) 770-9051 Fax: (41 5) 770-9060 3156 Unit A, East LaPailma, Anaheim, Ca. 92806 San Jose, CA 95110 fax (408) 437-4913 
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Books for 
Engineering Professionals 


These books will help you work 
smarter, faster, and better. 


Topics include: surface mount technol- 
ogy, DRAM design, ISDN design, power 
switching supplies, AC power condi- 
tioners, busses, software, hardware, in- 
tegrated circuits, error-control, voltage 
regulators, ASICs, and more—all written 
with an eye to practical applications! 


TURBO XT CPU BOARD 
e PC BUS, 4.2” x 54” (4 Layer) 

* Compatible with MS-DOS 2.0 - 3.X : Call Planar 
¢ Dual speed (4.77 MHz/10 MHz) CPU Call 1-619-699-6400 or write to see the 
¢ Up to 2 Meg DRAM on board (SIMMs) for your free catalog TODAY! EL solution. 


e Includes EMS 4.0 Memory Manager ; 
ui Academic Press 503/ 690-1100 


¢ Processor: V20 Coprocessor: 8087 
¢ $320 qty. 1; $160 qty. 10 Book Marketing Dept. #27040 
1250 Sixth Ave. 


295 Airport Road San Diego, CA 92101 


Naples, FL 33942 | 
©1990 by Academic P , Inc. All Rights R d. 
1-800-634-0701 | TEMPUSTECH, INC. Or eee 
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JE680 Universal 
Programmer 


Programs Over 1000 Devices! 
Programs PROMs, EPROMs, EEPROMs, 
PALs, GALs, RALs, EPLs and PLDs 


Stand-alone or computer controlled 
modes w/MS-DOS menu-driven software 


JEDEC standard supported 

Parallel and RS232C interface ports 

Optional 40-pin MPU module available 
Listing of programmable devices and 

80-page catalog available upon request! 

JE680 Universal Programmet..........+. $1799.95 


1355 Shoreway Road, Belmont CA 94002 


amMmeco Phone (415) 592-8097 
FAX (415) 592-2503 
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LCD WINDOWS CONTROLLER 


Cybernetic Micro Systems 


PO Box 3000 @ San Gregorio CA 94074 
Ph: (415) 726-3000 @ Fax: (415) 726-3003 
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HIGH RESOLUTION 
FRAME GRABBER 


SILICON VIDEO MUX is a single-board 


frame grabber that provides the PC AT | 

_ with an interface to high-bandwidth, high- 

_ resolution video sources. Up to 8000 pix- — 

els per line and 1020 lines per field are | 

| sr ial An adaptable timing generator 
a 


ows digitization from line-scan and 
area-scan devices, as well as from medi- 


_ cal equipment and videotape players. 


EPIX Inc. 
310 Anthony Trail 
Northbrook, IL 60062 
708-498-4002 
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The CY325 supports LCDs up to 128x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Parallel or Serial interface to host computer. The 
256 built-in windows (or make your own) support 
window-relative text, graphics, plotting, bargraphs, 
waveforms, scroll/wrap/clip, etc. Read from an A/D 
and Write into Window! Separate text and graphic 
planes can be written or erased in any window. Eight 
pins support a variety of functions (soft-keys, waveforms) 
or can be used for GP I/O. Icons or special fonts can be 
user defined. Giant character mode, etc. Save months 
of design time with the CY325. $75 CMOS $20/1000s. 


World’s Smallest Modular 
PWM Servo Amplifiers 
Model 215A +75 volts at + 25 amps peak, 
+10 amps continuous 
+ 150 volts at +20 amps 
peak, + 10 amps continuous 
e 22kKHz PWM 
e Wide range input 


Model 218 


Copley 275 Elliot Street 
Newton, MA 02164 
C controls Tel: 617.965-2410 
Corp. FAX: 617-965-7315 
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HANDHELD 2.4GHz 10 DIGIT LCD 
UNIVERSAL COUNTER TIMER 


Direct counts over 150 MHz 
Switched prescalers for max resolution over 2.4GHz 
Super sensitive for antenna pick-up 
16 segment PF input level bargraph 
Measures frequency, period, time interval, 
ratio and average 4 gate times 
120 segment LCD with complete annunciators 
Extruded aluminum enclosure with field installable NiCads 
10MHz TCXO timebase, optional precision TCXO 
UTC 3000 is only $375 
Frequency only Model 2600H is $325 


OPTOELECTRONICS INC. 
5821 NE 14th AVE, 
FT. LAUDERDALE, FL 33334 
(800) 327-5912 FL(305) 771-2050 
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AR-9820 Gang E/EEPROM plus PLD 
Programmer w/ 


FREE UV 
ERASER 


FOR THE PRICE 
OF ONE!! 

FOR ONLY 

$1495.00 YOU GET: 

* 8 Socket gang programmer of E/EEPROMs 

- Programs most 20 and 24 pin PLDs 

- Stand Alone or Remote Control 

Supports 4 File Formats and 4 Programming 

Algorithims 

* AR-9820 includes: software, cable, 2 free software 
updates 

- FREE UV ERASER 

* 30-Day Money Back Guarantee 

* Other fine programmers available. As in our 
AR-9830A, Universal Programmer/IC Tester 


1 (800) 654-9838 


American Reliance Inc. 


9241 E. Valley Blvd. 
Rosemead, CA 91770 
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12 VOLT DTMF 


Baby 33 MHz 
386 Motherboard 


e Compaq compatible 
e Intel 80386 33 MHz processor 

e Optional 33 MHz co-processor 

e Intel 82385 cache controller 

e Up to 16 MB 32-bit memory 

e Phoenix/AMI/Award BIOS 

e 256K/512K EPROM 

e Shadow RAM BIOS by software 

e 8/11 MHz I/O speed 

e On-board ports: 2 serial, 1 parallel 


PROFESSIONAL 

COMPUTER (408) 263-0222 
SYSTEMS 

550 Valley Way, Milpitas, CA 95035 
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8051 EMULATOR 
| INCLUDED IN THE PURCHASE PRICE 
* Real-time and transparent In-Circuit Emulator with 64K breakpoints, 
| 64 KByte Internal Data and 64 KByte Internal Code Memory. 

* Personality probe for ROMless versions of 8051 uC (8031-2 - etc). 
- User software including symbolic debugger, on line assembler and 
| disassembler, PLM and C support, source and listing windows. 
| « RS-232 Interface Cable and Power Cord. 
* User's Manual and Operating Instructions. 


| AND OF COURSE THE GREAT OPTIONS !!! 
* Trace and Logic Analyzer-32K x 32 - 5 External Testpoints $800. 


* EPROM Programmer for 27xxx type memories $250. 
| * Personality Probe for 8051 C with Internal Code $500 
For more information call or write to: 
USA: 105 Gleason Rd. Lexington MA 02173 Phone 617-863-9927 
Fax 617-863-9649 
Germany: Krankenhausstr. 12 D-8870 Ginzburg Phone (082-21) 30023 
Fax (082-21) 30462 
| Hong Kong: P.O.Box 30719 Causeway Bay Phone (852) 5-454341 
Fax (852) 5-8541302 
Israel: P.O.Box 2106 Herzelyia 46120 Phone (972-52) 555387 
Fax (972-52) 559170 


“US ONLY 
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g~~ ™ Telecom Design! 


RECEIVER 


M-957-01 converts DTMF signals to 
logic level outputs. For PBX and feature 
phone services, radio-to-telephone, remote 
control and monitoring, telephone banking, 
computer data entry, and more. Ideal for 
battery-generated devices due to operability 
over wide power range. 


@ 22-pin DIP 
@ Excellent dial tone and speech immunity 
@ 5 through 12 volt supply 


For more info call: 1-800-426-3926 
(In Washington State: 206-827-9626) 


TELTCONE’ 


10801-120th Avenue NE, Kirkland, WA 98033 
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PLASMADOT: 


Dot matrix for graphics 
as well as text! 


Cherry announces PLASMADOT™, a 
bright new dot matrix gas plasma display. 
Designed for high-volume OEM 
applications ran ing from management 
equipment to information centers. ee 
High-brightness pixels and contrast; 
round, square or rectangular pixel shapes. 
Full-field dot matrix dis slay ideal for 
graphics as well as text. Write or call 
Cherry for details ais 


Analog 
PC Board 


Layout 


AT LAST! 

A System 

specifically designed for Lule out 
Analog boards. All the features you 
need for your most difficult boards, 


6800/6809 


including digital designs. only $975 


e Groundplanes with dy- _—_¢ Total control of trace length, 
namic airgap calculation —_ width and angle 


; 
° Solid and hatched ¢ Incremental component ep | | /68c SARADLITED KEABLIL EE 
rotation i | e a e se aettslags ata ne 
groundplanes oe ( a a Y at) ( ‘ ice : | and monitoring. Interfaces 
° Odd-shaped pads and bending pointe for sensors, transducers, analog signals, 
copper-fill areas : uF The Cherry Corporation solenoids, relays, lamps, pumps, motors, 
° Curved, tapered and ' spi pa patie Cherry Electrical Products keyboards, displays, IEEE-488, serial 1/0, 
irregular traces 3600 Sunset Avenue, Waukegan, IL 60087 floppy disks. 


e Trace Impedance Calculations 


CADPOINT 714-494-1167 
3857 Birch St,Suite 584,Newport Beach, CA 92660-2660 


Phone: 708/360-3500 
Facsimile: 708/360-3566 


Wintek Corp: 
Lafayette, IN 47904 
347-742-8428 


800-742-6809 
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FREE CAD/CAE Fast and Easy 
X.25 SDLC SOFTWARE CATALOG Data dir ini 


QLLC HDLC GRAPHICS TRANSLATORS e SYMBOL LIBRARIES fe ES 


Hill 107 


DCCP PAD THERMAL ANALYSIS @ DESIGN RULE CHECKING eee 
A C PARTLIST GENERATORS e NETLIST CHECKING eae 
NETLIST TRANSLATORS e RELIABILITY ANALYSIS riaespt tee LOW PASS FILTER 


PCB LAYOUT eECO TRACKING eLIBRARY W407 


MANAGMENT e SCHEMATIC CAPTURE e TEST : 
GENERATORS e AND MUCH MORE Unk 


SUPPORTED SYSTEMS INCLUDE: 


¢ C source code 
¢ ROM-able 


¢ Full porting provided ORCAD e P-CAD e FUTURENET e AUTOCAD Menu-driven software 
e No OS required OMATION SCHEMA e TANGO-PCB e CALAY 
q PADS-PCB @ HEWLETT PACKARD © GADNETIX package for your PC 
REDAC e GERBER e EE DESIGNER e TELESIS JUNIOR - $125 
GCOM, Inc. Take, store, retrieve, print data - perfect for Design 
41 E. University Send for your free catalog of quality add-on software today! Engineers 


LEVEL 2+ - $549 
Data acquisition plus: experiment control, data analysis. 
The complete package. 


FREE Demo Disk. Money-back oe 

_Unkel Software in. ; yL 
62 Bridge ridge St Lenngian, MAGS 1 Lexington, MA0Q2173 (617) 861-0181 
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PROTOTYPING ADAPTORS 


CAD UTILITY COMPANY 

21115 Devonshire Street, Suite 318 
Chatsworth, California 91311 

(805) 527-8630 


Champaign IL 61820 

(217) 352-4266 
Specialists in Computer Communications 
FAX 217-352-2215 
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Schematic 
Capture 
for the 
Macintosh 


DESIGNWORKS 
Schematic features Menu-driven, mouse-controlled opera- 
tions  cut/copy/paste between circuits ¢ right-angle rubber- 
banding. Digital simulation 13-state, event-driven simulation 
¢ logic analyzer-style timing window ¢ PLD support. Libraries 
Fully-simulated 7400, 4000, 10K series, PLDs, PROMs and 
RAMs, non-simulated analog and discrete components 
e User-definable, simulated custom symbols. Interfaces 
Formats for Douglas CAD/CAM, Cadnetix, Calay, Orcad, 
Tango, Racal Redac, Spice. ¢ user-definable printers, dot- 
matrix printers, HP, Houston, Roland pen plotters. Require- 
ments Macintosh Plus, SE, Il, IIx, Ilex, or Ilci. 


CALL (6 eat 04) 669-6343 FOR YOUR 
REE DEMO DISK TODAY. 


NEW PRODUCT 
The PLCC-LoClipXxX line from Ironwood is a new 
product line allowing probing of surface mount 
PLCC’s at a fraction of size of other clips. The U 
and L ver. have right angle leads (cable connect or 
probing). Device heights of 0.75", 0.57", and 0.45" for 
S, U, and L boards respectively enable probing of 
boards in backpanels. Interdevice spacing of 
0.10" allowed. PLCC’s from 24 to 84 pins supported. 
Kits of 10 with different sizes/carrying case 
available at substantial discount. 


IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 


CAPILANO COMPUTING SYSTEMS LTD. (612) 431-7025 (612) 431-7025 
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BY THE HUNDREDS 

Our line of prototyping adaptors for VLSI devices including 
PGA. PLCC, LCC, ZIP, DIP, and Plastic Quad Flatpak is the 
most extensive available in the industry. These devices allow 
easy prototyping of these difficult to handle devices. Pins and 
sockets used are gold plated and of the highest quality. Parts 
are available in soldertail or with 3 level wirewrap pins. All 
types of wirewrap panels are covered. 


IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 


TYPE MWR, AXIAL, ROUND 
METALLIZED POLYESTER FILM 
CAPACITORS 


e Proven 
High 
Reliability 

¢ 100% 
Burn-In 
Tested 

e 001 Mfd. 
to 22 Mfd. 

° 63 WVDC to 1,000 WVDC 

¢ -55°C to +125°C Min. 

¢ Tolerance: +10% Std. (45% Opt.) 

¢ Self-Healing, Non-Inductive Windings 

¢ Low ESR, Low ESL Design Tape & 
Reel Available 


a ILLINOIS CAPACITOR, INC. 
“ 3757 West Touhy Avenue, 
i Lincolnwood, IL 60645 
(708) 675-1760 FAX (708) 673-2850 
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BURN-IN CONNECTOR 
MULTI PIN SIGNAL & POWER 


L Series blind matable rack and panel connectors provide 
signal and power capability in a rugged float mountable 
connector. Optional 8, 15, 25, 50 and 200 amp contacts are 
available. The low insertion and extraction force contacts 
provide extensive mechanical life with contact resistance 
from .25 to 2.5 milliohms. 


HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, MA 01749 
800-225-9228 
(In Mass. & Canada (508) 568-0451) 
FAX: 508-568-0680 
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TEST EQUIPMENT CATALOG 


AMERICAN- 
MADE Quality 
test instruments 
including the 
new Protocol An- 
alyzer, Data Ac- 
quisition Board, 
and Hand-Held 
Logic Analyzer 
are highlighted in 
this latest Global 
catalog. Leading 
edge function 
generators, fre- 
quency counters, power supplies and proto- 
typing breadboard products at affordable 
prices. 


Call 1-800-572-1028 for complete information 
and the name of your local distributor. 


@ " GLOBAL SPECIALTIES 


70 FULTON TERRACE 
Lid NEW HAVEN, CT 06512 


ed 
GLOBAL 
SPECIALTIES 
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RS-422/RS-485 
Boards for AT, 
Micro Channel 


RS-422/RS-485 asynchronous 

serial communication boards from 
Qua Tech available in 1 to 4 ports 
for PC-AT and compatibles and 1 
to 4 ports for PS/2 Micro Channel. 


Call for our free 
PC Interface Handbook: 


1-800-553-1170 


QUA TECH, INC. 
478 E. Exchange Street 
Akron, OH 44304 


PC-AT, Micro Channel, and PS/2 are trade- 
marks or registered trademarks of IBM Corp. 


CIRCLE NO 759 


SEALED-LEAD 
RECHARGEABLE BATTERIES 


There are 4 sizes eyz7ymmm 
of 2-volt cells with [iia 
an amp-hour rating 
up to 25, which 
can be connected 
in series or parral- 
lel. Monoblocs are 
available in 2.5 to 
8 amp-hour capaci- 
ties in 4-volt & 6- (sss 

volt modules. 6- 

volt monoblocs also available with UL 
94-VO flame retardant casing. Gates 
Cyclon® batteries provide exceptional 
performance, ruggedness & long life in 


countless applications. 


GATES ENERGY PRODUCTS, INC. 


Inquiry Fulfillment Dept., Box 667850 
Charlotte, NC 28266-9961 


800-67-POWER 
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MULTIBUS™ AT-COMPATIBLE SBC 
Multibus | is now IBM PC/AT™ compatible with MAT286™ our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion- 
module interfaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M 
of parity-checked, dual-ported DRAM. A piggy-back card, MATxSYSIO, 
adds EGA, floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more, into two Multibus slots! 

Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd, Cupertino, CA 95014 


Multibus is a registered trademark of Intel Corp. 
MAT286 and MATxSYSIO are trademarks of Single Board Solutions, Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp. 
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STOP NOISE IN PGA, LCC PACKAGES 


MICRO/Q 3000 decoupling capacitors stop 
low-inductance, high-frequency noise 

for PGA, LCC packages on complex board 
layouts. Fit them neatly under PGA or 

LCC sockets, use no extra board space. 
Choose from many pinout configurations. 
Rogers Corp., 2400 S. Roosevelt St., 
Tempe, AZ 85282. 602/967-0624. 


CIRCLE NO 760 


e A/D converter: 8 single-ended channels; Uses AD574 device; Conversion time 
is less than 25,sec; Input range: +5V; Software Trigger Mode only. 

e D/A converter: 1 channel; 12 bit resolution; 0 to +5/10V Output Range. 

e Digital I/O: 16 In/Out(TTLcompatible); External Wiring Terminal Board incl. 

e Utility Routines and Demo/Sample Programs for BASIC and Quick-BASIC. 


e A/D converter: 16 single ended inputs; Uses ADS74; Conversion time less 
than 25ysec; Built-in programmable pacer; Input Ranges: + 10V, +5V, +1V. 

e D/A converter: 2 channels; 12 bit resolution; Output Range 0-5V. 

e Digital 1/0:16In/Out(TTLcompatible); Programmable Counter/Timer (8254). 

e DMA and interrupt capability. Utility software and sample program in BASIC. 


Fast 12 Bit A/D/A [PCL718]__ $895 


e A/D converter: 16 single ended or 8 differential channels; 12 bits resolution; 
Programmable scan rate; Built-in Interrupt and DMA control circuitry. 
Conversion speed 60,000 smpls/sec (standard), 100,000 smpls/sec (optional). 

e Input Ranges:Bipolar : +10V, +5V, +2.5V, +1V, +0.5V; Unipolar: 10,5,2,1V 

e D/A converter: 2 channels; Resolution: 12 bits; Settling time: 5usec; +5V 

e Digital I/O:16In/Out(TTLcompatible); Programmable Counter/Timer (8254). 

e Software: Utility software for BASIC & QuickBASIC included. Sample prgm. 
Supported by LabDAS, ASSYST, LABTECH, UnkeScope. 


ha oe oo si ap 
6 Channel 12 bit D/A [PCL726] _ 
e Output Ranges: 0 to +5V, 0 to + 10V, +5V, +10V, or sink 4 QmA. 
e Settling time: 70S. Linearity: +1/2bit.Voltage output drive capacity: +5mA. 
e Digital I/O: 16 digital input and 16 digital outputs (TTL compatible). 

MC / VISA / AMEX Call today for datasheets! 


1 B&C MICROSYSTEMS INC. 
whi ie 355 West Olive Ave, Sunnyvale, CA 94086 USA 
TEL: (408)730-5511 FAX: (408)730-5521 
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Almost Universal Device 


PROGRAMMER WEBER 


END WARPAGE WITH 
BOARD STIFFENERS 


PAL sk 
GAL AS 168 Energy Limiting 
EPROM Circuit Breaker 
EEPROM 
PROM , 
e Superior Short Circuit Protection 
87XxXx... e Selective Disconnection - No nuisance shutdown 
$475 e Easy Installation with Quick Connect Terminals, 
= screw terminals, or DIN Rail Mounting 
gf MS FALS s$ | = Single Dow, Tle ardour poeversons | $Rigiize board during, ater assembly 
=< ’ ’ ’ i i 
So 2 Meg EPROMs x : e Current Ratings - 0.5 to 50 Amp : ee oe sea at ence damage 
[2 Parts added at your request. BL e AC rating to 480 and DC rating 120 Volts per pole oP ara 
iw ae ° Available with Switched Neutral, Auxiliary and Signal ee ae 
ES FREE software updates on BBS. © contacts * Use as ground or carry up to 64 amps 
i= Powerful menu driven software. C= e Stock available in Connecticut Send for Rogers Board Stiffeners 


Application Bulletin. 
Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 


Call - (201) 994-6669 


Link Computer Graphics, Inc. 
4 Sparrow Dr., Livingston, NJ 07039 FAX:994-0730 
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Contact: Inmark Corporation, 4 Byington Place 
Norwalk, CT 06850 Telephone: 203-866-8474 
Fax: 203-866-0918 
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ORLD 


ENGINEERING 


on STD Bus 


Easy! a 
Quick! 


Powerful! 


Get your STD bus project 
working quickly with the 
economical DSB2125 con- | ae 
troller and PC-based Dy- $295.00 
namic C, Rapidly develop C programs. Dynamic 
C combines an editor, compiler and debugger in 
one package linked directly to the DSB2125 at 
57,600 baud for downloading and source debug- 
ging. Compile and download at 25,000 lines a 
minute! Real time kernel lets you prioritize soft- 
ware. Ask for a free functional demo disk. 


8051 Emulator - $1250 


d7ICE is a low cost, Full Speed, real time 8051 
Emulator.. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COM1/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 


4 Cybernetic Micro Systems 


sSmARTWORK® PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program's 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
SMARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac- 
cepted. Write or call 
Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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PO Box 3000 @ San Gregorio CA 94074 


Z-World Engineering 
Ph: (415) 726-3000 @ Fax: (415) 726-3003 


1340 Covell Blvd. Davis, CA 95616 
(916) 753-3722 Fax: (916) 753-5141 
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68HC05/68HC11 Emulators 


es 


The Micro-AlD in-circuit emulators provide complete develop- 
ment support for Motorola single chip microcomputers. 


e In-Circuit Emulator - Real time in-circuit emulation for the 
6805,68HCO05, and 68HC11 single chip microcomputers. 


e Real-Time Trace - 2K x32 memory captures up to 2048 
cycles of qualified bus activity. 


¢ Symbolic Debugger - Allows symbolic reference to param- 
eters in emulator commands. 


e PC Based Cross Assembler - Fast assembler automatically 


Over 150 Prototyping Adapters 


e Adapt-A-Boards™ make it easy to adapt standard or 
high-density prototyping boards to a variety of packages. 
e For all package types: LCC, PLCC, PGA, PQFP, SDIP 
(shrink DIP devices), SOIC and more! 

® Bottom configurations adapt to wire wraps or solder tail downloads object to emulator 
pins. Boards conform to Mil-C-45204. 

® Quick turnaround on custom engineering services, if e EPROM Programmer - Programs on-chip EPROM. 
needed. For a free catalog, contact: e Low cost — $2395. 


Emulation Technology, Inc. THORSON ENGINEERING 
2368-B Walsh Ave. Santa Clara, CA 95051 6225 76th St. S.E., Snohomish, WA 98290 
Phone: 408-982-0660 FAX: 408-982-0664 (206) 334-4214 
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PC BASED 
EMULATORS 


@ Source Level Debug for 
PL/M and ’C’ 

@ Source Level trace 

@ Debug with symbols, not 
HEX data 


SE ABAY, | 1 @y uit Wich-sPeeD DIGITAL VARIABLE DELAY LINE 
~ sovgggo —_sovenso | Digital/Analog “SDU type” delay line for “GHz.” range 


SDU 4050 SDU 5050 
0~750ps +5% 0~1.55 ns +5% 
50ps, 16 steps 50ps, 32 steps 
150ps or less 200ps or less 


@ Source Level disassembly 
with in-line assembler 

@ Interchangeable probe cards 

@ Up to 128K emulation 
memory 

@ 20 MHz real-time 
emulation 

@ Up to 4K trace buffer 


7 . @ Performance analyzer 
MetaLink™...Originators of the  $ raur e0st Emulaton 


Delay Time Variable Range 


Increment Resolution 
Rise Time (20%~80%) 


-3dB Pass Band 2GHz or more 1GHz or more PC Based 8051 Emulator pam aN oe 
. : Weh 8051 latorsth n WatchDog timers at NO 
Residual Delay Time 350ps or less 400ps or less inthe workd:6031, 6051, ipa bso 344 coud additional cost 
e 109 8001 62/ANIB/ICHNO, B3C152JANIC, 800452, Paton — 
+ BOCSIFA, 80515, 80535, 80512, 80532, 80513, © Fully documen 
IN/OUT Impedance 502 + 10% 50Q +10% 800517, 800521, C541, 2003218063, &XCIs4, @ Serially linked to PC 
a 8XC451, 8XC552, 8XC562, 8XC652, 8XC751, 
Temperature Coefficient | +100 ppm/°C +100ppm/°C 8XC752, 80C537, CMOS, EPROMs, OTPs pst cal 


Call or write for Free demo diskette ® regs FREE technical 


1-800-METAICE®  fansus 
r= Melani 


A A = Corporation 
MetaLink Corporation P.O. Box 1329, Chandler, AZ 85244-1329 


(602)926-0797 FAX: (602)926-1198 TELEX:4998050 MTLNK 
*Price is U.S. list 


Outer Dimension 0.874x0.39x0.26 | 1.047x 0.39x 0.29 


SMD) LxWxH 


SOU 4050: Step 0, |, 2. 2, ... 
14,15 * please refer to our catalog for details. 


ELMEC TECHNOLOGY OF AMERICA, INC. 
1255 Corporate Center Dr., Suite 406, Monterey Park, CA 91754 
phone: (213) 265-1861, FAX: (213) 265-1908 
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TAKE THE FAST TRACK 


80C286 AT CMOS 
SINGLE BOARD COMPUTER 


arn 8 IE 


REvice PROGR AMINE $695/895 | 


e Programs EE/EPROMs, PALs, GALs, EPLDs, MICROs, BIPOLARs, PEELs. 

Software driven pin drivers. D/A generated programming voltages (8 bit DACs 
used to generate voltages from 5-25V with 0.1V resolution for all 40 pins) 

e Upgradeable for virtually any future programmable devices up to 40 pins. 

e Self subsistent operation. No additional modules or plug-in adapters required. 

Includes user friendly MEMORY BUFFER FULL SCREEN EDITOR. 
Commands include: Fill, Move, Insert, Delete, Search. ASCII or HEX entry. 

e Friendly Menu-Driven interface. Device selection by P/N and manufacturer. 

e Supports 8/16/32 bit data word formats. 

¢ Programming algorithm:Normal, Intelligent I&II, Quick Pulse Programming. 

e Verify operation performed at normal & worst case operating voltage 

e Functional test: JEDEC standard functional testing for logic devices. 
TTL Logic functional test for 74xx/S4xx series devices. 

e File formats accepted: JEDEC (full), JEDEC (kernal), Straight Hex, MOS 
Technology, Motorola Hex, Intel Hex, Tektronix Hex. 

e Customer support via voice line, fax & dedicated BBS. Full 1 year warranty. 


The TEK224 integrates a PC/AT type 
computer on a single STD Bus card. It 
features an 80C286 at 16Mhz with 
zero-wait state, 2 Mbytes of system 
memory, two serial ports, one parallel 
port, and consumes less than 6 watts. 


HANDSOME HANDLE 
RAF offers a line of handles with a high-tech in 
round, oval, and round offset shapes with match- 
ing ferrules. These precision-made, dimensionally 
accurate handles are available in a wide variety of 
sizes, materials, and finishes. They are part of 


more than 35,000 items in stock. P.O. Box 455 7? ° ~~ a 695 oe ae =e sh soot ieee sans aad aaa 
2s , 1 ates. it iti Logi ice Library. 
For a catalog write or Call: Ste-Thérése (Québec) MICROSYSTEMS INC. e Library apanice can re meavel a topay or Cyricmer Support HBS. 
Canada J7E 4J8 The right connection MC/ VISA/ AMEX Call today for datasheets! 


RAF Electronic Hardware, 
95 Silvermine Road, Seymour, CT 06483 
Tel. (203) 888-2133, FAX (203) 888-9860 
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WANTED 
LAS Bug #667805 


Tél.: (514) 437-5682 


Fax: (514) 437-8053 B&C MICROSYSTEMS INC, 


355 West Olive Ave, Sunnyvale, CA 94086 USA 
TEL:(408)730-5511 FAX: (408)730-5521 


CIRCLE NO 781 


CIRCLE NO 780 


DRAM Design Headaches? 


Cure them with Doctor Design’s SuperSpec! 
This unique engineering tool SAVES valuable 
design time and money and ensures that YOUR 
DESIGNS WILL WORK with DRAM chips 
from 12 manufacturers. You'll have one data 
sheet with a single set of values for each timing 
parameter for 80, 100, 120, and 150 ns DRAMS. 
We will publish annual updates incorporating 
future changes in DRAM devices and vendors. 
Doctor Design’s SuperSpec 
Composite Specifications for 1 Meg x | 
DRAM, Page Mode, 80-150 ns 
Special Introductory Price: $195.00 
December 1989/ISBN: 0-12-689230-X 
Call today for more information or to place your order. 
1-800-321-5068 
For your convenience, FAX your order to us at: 
1-314-528-5001 
Academic Press Book Marketing Dept. #33040 
1250 Sixth Avenue, San Diego, CA 92101 


pesiens. tne, FAX (518) 274-0764 edema iy mccoy vy ra aml 713-461-9430 FAX 713-461-7413 
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$798 
Lifetime FREE 


software updates 
BH Programs, reads, 
tests duplicates, 
& secures over 
970 20: & 24 
a logic devices 
rom 17 mfg’s 
Automatically tests with vectors and secures 
after programming 
Approved by manufacturers 
Edits fuse maps and test vectors 
Just $798, includes: software,cable, 
manual, FREE updates (via BBS), toll-free 
technical support, one-year warranty and 
an unconditional 30-day money-back 
guarantee 


The Engineer’s Prloogrammer™ 
Call 1-800-225-2102 


fi LJ LI Lo 
BP icrosystems 
10681 Haddington, Suite #190 Houston, TX 77043 


Excessive Delays 


Pin Point them with the pass counter the Logic 
Analysis System 


4k to 64k memory depth 

16 level triggering with pass counter 

40 to 320 channels 

A complete Logic Analyzer on a Card 
Interactive software under Microsoft™ Windows 
Source code in C for automatic testing 


701 River Street 
Troy, NY 12180 
(800) 367-5906 


(518) 274-0755 


Announcing the 1990 EDN Caravan Tour 
“The Electronic Trade Show on Wheels”? 
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BURR-BROWNE® | 
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ELECTRONICS LT ASRS 


>} Basler Electric ~ 
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DURACELE inc. Inc. 


Batteries 


Amphenol 


BENDIX CONNECTOR OPERATIONS Wa/ 
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Corporation 


ZJ BUSSMANN 


COOPER 


INDUSTRIES , 
Memories of the Future 


Bringing New Products and Ideas to Your Business Doorstep 
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DATE TIME SITE 

April 2 9:00- 11:30 UNISYS CORPORATION 

Monday AM Marcus Avenue, Great Neck, NY 

April 2 1:30-3:30 LORAL ELECTRONIC SYSTEMS 

Monday PM Ridge Hill, Yonkers, NY 

April 3 8:00-10:30 IBM CORPORATION 

Tuesday AM Neighborhood Road, Kingston, NY 

April 3 12:00-3:00 IBM CORPORATION 

Tuesday PM South Road, Poughkeepsie, NY 

April 4 9:00- 11:30 IBM CORPORATION, East Fishkill 
Wednesday AM Route 52, Hopewell Junction, NY 

April 4 1:30-4:00 IBM CORPORATION 

Wednesday PM Route 134, Yorktown Heights, NY 

April 5 8:00- 10:00 PITNEY BOWES 

Thursday AM 380 Main Avenue, Norwalk, CT 

April 5 11:00-12:30 | PERKIN-ELMER CORPORATION 
Thursday AM-PM 50 Danbury Road, Wilton, CT 

April 5 2:00-4:00 HUGHES OPTICAL SYSTEMS 

Thursday PM 100 Wooster Heights Road, Danbury, CT 
April 6 8:30- 10:00 PITNEY BOWES 

Friday AM One Waterview Drive, Shelton, CT 

April 6 11:30- 1:00 GENERAL DATACOMM, INC. 

Friday AM-PM Straights Turnpike-Route 63, Middlebury, CT 
April 6 2:00-4:00 DATAPRODUCTS NEW ENGLAND, INC./COROMETRICS MEDICAL 
Friday PM 50 Barnes Park North, Wallingford, CT 

April 9 9:00-10:30 RAYTHEON COMPANY, Equipment Division 
Monday AM 1001 Boston Post Road, Marlboro, MA 

April 9 11:30-1:00 RAYTHEON COMPANY, Equipment Division 
Monday AM-PM 528 Boston Post Road, Sudbury, MA 

April 9 2:30-4:00 RAYTHEON COMPANY, Equipment Division 
Monday PM 430 Boston Post Road, Wayland, MA 

April 10 9:00- 10:30 PRIME COMPUTER, INC. 

Tuesday AM 500 Old Connecticut Path, Framingham, MA 
April 10 12:00-3:00 NORTHROP CORPORATION 

Tuesday PM 100 Morse Street, Norwood, MA 

April 11 8:30-10:30 THE FOXBORO COMPANY 

Wednesday AM 38 Neponset Avenue, Foxboro, MA 

April 11 12:30-3:00 CODEX CORPORATION 

Wednesday AM-PM 5 Dan Road, Canton, MA 

April 16 9:00- 11:30 SANDERS ASSOCIATES 

Monday AM 95 Canal Street, Nashua, NH 

April 16 2:00-4:00 SANDERS ASSOCIATES 

Monday PM Route 3 North, Merrimack, NH 

April 17 8:30- 10:00 SANDERS ASSOCIATES 

Tuesday AM 63 River Road, Hudson, NH 

April 17 12:00-3:00 AT&T TECHNOLOGIES/BELL LABS 
Tuesday AM-PM 1600 Osgood Street, N. Andover, MA 

April 18 8:30- 11:00 WANG LABORATORIES 

Wednesday AM 1 Industrial Avenue, Lowell, MA 

April 18 2:30-4:30 POLAROID CORPORATION 

Wednesday PM 565 Technology Square, Cambridge, MA 
April 19 8:30-10:30 GENRAD, INC. 

Thursday AM 300 Baker Street, Concord, MA 

April 19 11:30-1:30 DIGITAL EQUIPMENT CORPORATION 
Thursday AM-PM 126 Main Street, Maynard, MA 

April 19 2:30-4:00 STRATUS COMPUTER INC. 

Thursday PM 55 Fairbanks Boulevard, Marlboro, MA 


TENTATIVE SITE ITINERARY 
April 2 to May 9 (2nd Half) 


Schedule subject to change. 
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DATE TIME SITE 

April 20 9:00- 11:00 DIGITAL EQUIPMENT CORPORATION 
Friday AM 200 Forest Street, Marlboro, MA 

April 20 1:00-3:00 DATA GENERAL CORPORATION 

Friday PM 4400 Computer Drive, Westboro, MA 

April 23 9:00- 11:00 GENERAL ELECTRIC COMPANY 
Monday AM One River Road, Schenectady, NY 

April 23 1:30-4:00 GENERAL ELECTRIC COMPANY 
Monday PM Broad Street, Utica, NY 

April 24 9:00- 11:30 GENERAL ELECTRIC COMPANY 
Tuesday AM French Road, Utica, NY 

April 25 9:00- 11:30 GENERAL ELECTRIC COMPANY 
Wednesday AM W. Dover, Binghampton, NY 

April 25 1:00-3:30 IBM CORPORATION, Glendale Labs 
Wednesday PM Route 17C & Glendale Dr., Endicott, NY 
April 26 9:00- 12:00 IBM CORPORATION, Federal Systems 
Thursday AM Route 17C, Owego, NY 

April 27 9:00- 11:30 XEROX CORPORATION 

Friday AM 800 Phillips Road, Henrietta, NY 

April 27 1:00-4:00 EASTMAN KODAK COMPANY 

Friday PM 901 Elmgrove Road, Rochester, NY 

April 30 9:00- 11:30 ALLEN-BRADLEY COMPANY 

Monday AM 747 Alpha Drive, Highland Heights, OH 
April 30 12:30-2:00 PICKER INTERNATIONAL 

Monday PM 595 Miner Road, Highland Heights, OH 
April 30 3:00-4:30 KEITHLEY INSTRUMENTS INC. 

Monday PM 28775 Aurora Road, Solon, OH 

May 1 9:00- 11:30 WESTINGHOUSE ELECTRIC CORP, Science & Tech. Ctr. 
Tuesday AM 1310 Beulah Rd., Pittsburgh, PA 

May 1 2:00-4:00 NCR CORPORATION 

Tuesday PM 800 Cochran Avenue, Cambridge, OH 
May 2 9:00- 11:30 AT&T NETWORK SYSTEMS 

Wednesday AM 6200 East Broad Street, Columbus, OH 
May 2 2:00-4:30 SYSTEMS RESEARCH LABORATORIES 
Wednesday PM 2000 Indian Ripple Road, Dayton, OH 
May 3 8:30- 11:00 CINCINNATI ELECTRONICS 

Thursday AM 2630 Glendale-Milford Rd., Cincinnati, OH 
May 3 11:30- 1:00 XETRON CORPORATION 

Thursday PM 40 W. Crescentville Road, Cincinnati, OH 
May 3 2:00-4:00 GENERAL ELECTRIC CO., Evendale Plant 
Thursday PM | 75 & Neuman Way, Cincinnati, OH 

May 4 9:00- 11:00 AT&T TECHNOLOGIES, Consumer Products 
Friday AM 6612 E. 75th Street, Indianapolis, IN 

May 4 1:00-3:00 THOMSON CONSUMER ELECTRONICS 
Friday PM 600 N. Sherman Avenue, Indianapolis, IN 
May 7 9:00- 11:00 DELCO ELECTRONICS 

Monday AM 1800 E. Lincoln Road, Kokomo, IN 

May 7 2:00-4:00 ITT CORPORATION, Aerospace Optical Div. 
Monday PM 1919 West Cook Road, Ft. Wayne, IN 

May 8 8:30- 11:00 MAGNAVOX GOVERNMENT & INDUSTRIAL ELECTRONICS 
Tuesday AM 1313 Production Road, Ft. Wayne, IN 

May 8 2:00-4:00 HEATH/ZENITH DATA SYSTEMS 
Tuesday PM Hilltop Road, St. Joseph, MI 

May 9 9:00- 11:00 UNISYS CORPORATION 

Wednesday AM 41100 Plymouth Road, Plymouth, MI 
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CAREER OPPORTUNITIES 


1990 Recruitment Editorial Calendar 


Issue Ad 
Issue Date Deadline Editorial Emphasis 
News Apr. 19 Mar. 30 ICs/Graphics Controllers/ Microprocessors, Industrial Automation, Regional Profile: 
Edition So. California 
Magazine Apr. 26 Apr. 5 Computer Boards/Microprocessors, Power Sources, Sensors/ Transducers, Special 
Edition Design Project #4, Electro Show Issue 
News May 3 Apr. 12 CAE/Board Layout, Education, Special Supplement: ASICs, Electro Show Issue 
Edition 
Magazine May 10 Apr. 19 Analogy Technology Special Issue—A nalog ICs, Analog Instruments, Digital ICs/ 
Edition Microprocessors/ASICs, Special Design Project #5 
News May 17 Apr. 27 ICs/Memory ICs, Test & Measurement, Regional Profile: Massachusetts & New 
Edition Hampshire 
Magazine May 24 May 3 Microprocessors, Computers & Peripherals, Semicustom ICs/ASICs, Components, 
Edition Sensors & Transducers 
Magazine June 7 May 17 Software, Design Tools, Microprocessor I/O Chips, ~P Support Chip Directory 
Edition 
News June 14 May 24 Peripherals/Input Devices, Software, Special Supplement: EDA 
Edition ; 


Call today for information: 
East Coast: Janet O. Penn (201) 228-8610 


Nancy Olbers (603) 436-7565 
National: Robert Renard (201) 228-8602 


ENERGETIC If you’re looking 
WORK for work, 
FORCE. just look here. 
ENERGETIC 
WORK 


SOURCE. 


Skilled, hard-working co-op students from 


Stevens Institute of Technology to lighten your 
load in nine engineering fields. Call our Office 
of Cooperative Education at 201-420-5368. 


CIRCLE NO. 124 
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Telecommunications 


Professionals 


Seiscor Technologies, Inc. a manufacturer of 
telephone transmission equipment and a 
subsidiary of Raytheon, a Fortune 500 
company, has immediate openings in Tulsa for 
the following positions: 


Digital Hardware Design Engineer 


Qualifications include a B.S. in Electrical Engineering, two plus years digital/microprocessor experience, 
PLD/ASIC and/or digital telephony experience helpful, ISDN experience/fiber optic experience desirable. 


Sr. Analog Design Engineer 


Requires a B.S.E.E. with three to five years experience in designing Line Cards for Digital Loop Car- 
rier. Knowledge of Bell LSSGRs, TR-57 and TR-303 is a must. SLIC, ASIC, and SMT background is 
desirable. | 


Software Engineers 


Qualified candidates should posses a B.S. in Computer Science or Electrical Engineering, three to 
twelve years experience in design, development and test with emphasis on microprocessor, real time 
software and telephone transmission products using C language. 


Test Engineer 


Provide test detail designs, including test procedures, programs and figures for production testing. Re- 
quirements include a B.S. in Electrical Engineering, three to five years telecommunications manufactur- 
ing experience, and Automatic Test Equipment experience. 


Tulsa is an unusually clean and safe city with a high quality 
of life. You’ll find pleasant year-round weather, rolling hills 
and several area lakes, low cost of living, easy commuting 
and light traffic. Tulsa is a good family town with an area 
population of 800,000, diverse cultural activities and good 
schools. 


Call Personnel at 1-800-331-4048 or send resume to: 


Seiscor Technologies, Inc. 
PO Box 470580 

Tulsa, OK 74147-0580 

or Fax to 918-252-2757 


An Equal Opportunity Employer, Affirmative Action Employer, M/F/V/H 
U.S. Citizenship or U.S. Permanent Residence Required 


Technologies 


A Raytheon Company 
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With a career at 


Motorola Cellular, we see 
no end in sites. 


Stretching from the U.S. throughout the Far East, Latin 
America and Europe, Motorola cell sites cover the world. 
In fact, the company that pioneered cellular communica- 
tions Is now outdistancing all competitors combined. Were 
bringing the worldwide telecommunity closer and paving 
the way for even greater breakthroughs...like our patented 


four-cell reuse plan that supports 
more voice channels with fewer 
cell sites. 

And with just 1% of the global 
cellular market developed, the op- 
portunities at Motorola Cellular have 


just begun. Were developing the 
most advanced software, switch- 
INg equipment and radio tele- 
phone exchanges. Were 
constantly modifying, up- 
dating and simplifying 
systems while enhanc- 
ing RF sector-sharing 
Capabilities. 


Flexibility, capability and 
expandability...that's what 


] 


TAD 


99 


Motorola Cellular can offer its customers...and your 
engineering career. If you want a career as dynamic as Our 
growth, set your sites on one of the opportunities on the op- 
posite page. 
We offer an attractive salary, a comprehensive benefits 
package and opportunities for professional growth. For im- 
mediate consideration, please send your 
resume to: Supervisor, Pro- 


fessional Recruitment, 
Motorola Inc., Cellular, 
1501 West Shure Drive, 
Arlington Heights, IL 
60004. Or FAX your re- 
sume to: (708) 632-5717 
(our 24-hour FAX line). To 
access our On-Line Ca- 
reer Network from your PC, 
dial (508) 263-3857, press 
return twice, and key in 
password LEGACY. We are 
an equal opportunity/affir- 
mative action employer. 


MOTOROLA 
Cellular Subscriber Group 


Radio Telephone Systems Group 


EDN March 29, 1990 


OFTWARE: Real-time software development using C, 
UNIX*, Pascal, Ada, assembler and structured design; ex- 
perience in software quality, metrics, or testing; CASE software 
ools (Sun, Apollo); design, programming and system debug- 
ging for telephone digital switching or data communication 
systems; assembler and high-level structured languages; hard- 
ware diagnostics; object oriented design, C++; software 
development tools such as Teamwork and Interleaf; ASN.1 
Abstract Syntax Notation); data communications protocols 
CCITT #7, OSI, X.25, X.75, PAD, LAPB, LAPD, Ethernet, ISDN, 
CCITT V series modem, group 3 fax); modeling and simula- 
tions (GPSS, SIMSCRIPT and other simulation tools). 
BSEE/BSCS/BSCE or equivalent. Respond to Dept. SW. 


ELECTRICAL/COMPUTER:Analog and FF circuit design, 
receiver or transmitter RF circuits; LCD display technology, 
acoustics, and 8-bit microprocessor software; infrared and fiber 
optics; low speed data; digital modulation; 900 Mhz RF power 
amplifier design with hybrid or microstrip circuitry; RF device 
development with device vendors; parallel and/or push-pull RF 
amplifier design at 900 Mhz or UHF; A/D and D/A convertors; 
RF propagation; passive and active filter theory; microwave 
antenna design; UL, EMI and RFI requirements; HP 3062 test 
system; HP 9000; digital hardware, microprocessor applica- 
tions and interfaces; digital switching technology; firmware 
development methodology; PCM and digital telephony; digital 
signal processing; ASIC design; LAN systems, PSTN stan- 
dards, ISDN standards, processor architectures, high-speed 
logic; 16-bit MPU design practices, programmable logic; digital 
modulation synchronization, adaptive signal processing, viterbi 
algorithm and MLSE, decision Feedback equalizer; convolu- 
tional code and linear block code, speech coding, echo 
cancellation, encryption; CAE techniques for digital hardware 
design using Mentor Graphics, etc.; data communications pro- 
tocols (CCITT #7, OSI, X.25, X.75, PAD, LAPB, LAPD, Ethernet, 
ISDN, CCITT V series modem, group 3 fax); computer network 
management/administration (Apollo, Sun, Mentor Graphics, 
Applelalk). BSEE/MSEE/ BSCE/BSCS or equivalent. Respond 
to Dept. EC. 


MECHANICAL: Electronic packaging; CAD, CV CADDS 4x; 
materials selection and geometric tolerances and dimension- 
ing; extruded metal; injection molded plastics; life test pro- 
cedures and factory introduction and support; plating materials 
and processes; structural analysis modeling; die casting and 
sheet metal stampings; thermal management. BSME/ MSME 
or equivalent. Respond to Dept. ME. 


SYSTEMS: Radio/cellular communication systems engineer- 
ing; RF propagation prediction methods; PSTN traffic plann- 
Ing; telephone network, interconnection and telecommunica- 
tion industry standards; microwave system design and equip- 
ment engineering; telephone switching systems; software pro- 
gramming skills. BSEE/BSCE/ BSCS or equivalent. Respond 
to Dept. S. 

“Registered trademark of AT&T. 


Our breakthroughs 
are heard around the world. 


RESEARCH 
AND 
DEVELOPMENT 
ENGINEERS 


Thomson Consumer Electronics, manufacturer of 
RCA and GE brand consumer electronics prod- 
ucts, is redefining the future of home entertain- 
ment. The Indianapolis advanced development 
facility is part of a global network of R&D centers 
located throughout Europe, Asia and The United 
States. The development of new generations of 
television technologies, including High-Defini- 
tion Television, has created opportunities for in- 
novative Electrical Engineers to join us in our 
efforts to bring exciting new products from con- 
cept to reality. Current opportunities are available 
in: 


¢VIDEO SIGNAL PROCESSING 
Digital, Analog, Digital Logic Design and IC 
Design 
¢ DEFLECTION DEVELOPMENT 
MICROCOMPUTER DEVELOPMENT 
Software/Hardware 
¢AUDIO DESIGN 
Circuit Development and Acoustics 
eCAD/CAE 
Your qualifications for these positions must in- 
clude a strong academic background including a 


B.S. or advanced degree and demonstrated com- 
petence in one of the above areas. 


Thomson offers excellent salaries and benefits, 
plusexceptional opportunity for professional growth 


and recognition with a global leader in consumer 
electronics. 


Please send your resume, in confidence, to: Dave 
Lovell, Professional Relations, M.S. 27-134E, 
Thomson Consumer Electronics, P.O. Box 1976, 
Indianapolis, IN 46206-1976, or FAX your res- 
ume to us at (317) 231-4203. An Equal Opportu- 
nity Employer. 


rea 


Thomson Consumer Electronics, Inc. 
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Telecorp Systems, Inc. 


a proven leader in telephone call processing technology, is seeking 
key personnel for the following positions: 


Software Testing Engineer 


Individual will be detail oriented problem solver proficient with MS-DOS. Basic knowledge of programming 
logic and familiarity with microcomputer-based application software testing necessary. The ability to create 
and maintain documentation is extremely important. Experience with, and knowledge of telephony, telephone 
systems and related peripherals such as ACDs and automated attendants desireable. Dept. STE. 


Director of Engineering and Development 


Individual will have a minimum of 7 years experience managing Software Engineers in an MS-DOS or UNIX 
environment. Must have demonstrated ability to utilize computer based project tracking, management and 
productivity tools. Applicants should have expertise with “C” language, micro-computer development, and 
the ability to manage market-driven, crucial projects. Dept. DED. 


Software Engineer 


Applicants must be expert “C” programmers with extensive programming experience on IBM PCs or com- 
patibles using MS-DOS or UNIX. Experience in voice systems (audio response units, automated attendants, 
voice mail and audiotext) also required. Dept. SE. 


Field Service Engineer 


Individual will be responsible for the installation of our voice processing systems. Applicants will have previous 


= ria 


NATIONWIDE 


2000 OPENINGS 
ENGINEERS 
MANAGEMENT 


Salaries from 30K-100K 
exclusively employer fee paid 
These current openings need 

to be filled now 
Please send your resume 
today to: 


Personnel Recruiting 
& 

Placement Association 
16 W. Pacific Ave., Suite9 
Henderson, NV 89015 
OR 
2020 Cheviot Hills Dr. 
Springfield, OH 45505 


ELECTRONIC ENGINEER 


(EE) Medical Electronics Manufacturer 
seeking experienced circuit designer/prod- 
uct development engineer with 5-10 years 
experience including hardware/software 
applications. Send confidential resume to 
Cahners Publishing Co., 103 Eisenhower 
Pkwy., Roseland, N.J. 07068 Attn: 
JOP-490. 


installation experience with MS-DOS-based equipment, preferably automated attendant/voice mail systems. 
Knowledge of telephony and telephone systems and peripherals such as ACDs, call sequencers, automated 
attendants desireable. Applicants should have excellent customer, communications and presentation skills. 
70% travel required. Dept. FSE. 


In addition to competitive salaries and excellent benefits, Telecorp provides its employees with a people- 
oriented, high-growth environment which allows rapid development of a broad range of skills. If you want 
to establish your abilities with a high growth leader in the voice industry, don’t miss this opportunity. Qualified 
applicants should send resume, salary history requirements to (please include Dept. code on envelope): 


-  Telecorp Systems, Inc. 
9825-A Peachtree Corners East 
Norcross, GA 30092 


An equal opportunity employer. 


EXAR is taking Analog Plus 
design capabilities and 

technologies beyond imagination. 
Think where we can take your career! VW 


Our analog plus design capabilities and technologies 
utilizing Bipolar, CMOS, EEPROM and BiCMOS 
processes have created a number of opportunities for integrated 
circuit Design Engineers. 


You'll be responsible for designing mixed analog /digital/ 
EEPROM ASIC’s using an advanced BiCMOS standard cell 
library as well as providing technical direction and design support 
for process development, library expansion and mixed mode 
design methodology. To qualify you must have an MSEE 

and a minimum of four years industry experience designing 
CMOS analog/digital products. 


We offer highly competitive salaries, excellent benefits and 
advancement opportunities. For immediate consideration, please 
send your resume in confidence to: Professional Recruiting, 
Dept. XR, P.O. Box 49007, San Jose, CA 95161-9007. E.O.E. 


» ~ EXA R ..the analog pluscomparry 
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Magazine 
Edition 
News 
Edition 


For Professional 
Growth and Development 


EE $30-70K 
CELLULAR 


| specialize in placing engineers in the cellular com- 
munications field. My clients have multiple career oppor- 
tunities available throughout the U.S. If you have an RF 
background you may qualify for one of many outstanding 
positions. 


PSTN Traffic Plans 
Microwave system design 
Two-way radios 

RF circuit design 


Analog Design 

RF Propagation (900 MHz) 
Switching Systems 
Cellular Basesites 


Fees/expenses are Company paid and relo pkgs. are available. For further 
details/inquiries concerning your expertise call/send resume. 

TOM MANNI 800-545-4519 

FAX 201-750-3646 


Acme Recruiting 
73 Main Street, Woodbridge, NJ 07095 
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Put It All Together at Codex 


We're providing network solutions that no one else can, because we aren't limited to any one networking technology. Our mix of products 
and services includes Tl, X.25, stat multiplexers and other analog and digital transmission devices. Our network management systems actual- 
ly predict and help solve problems. And we've been providing technical leaders help, innovation and unsurpassed reliability in our industry 
for more than a quarter of a century. 


If your career is at a crossroad and you're seeking a renewed challenge and spirit of growth, we invite your inquiry. Our unique Advanced 
Sourcing concept allows you to investigate opportunities as they arise and when you feel the time is right, to take advantage of that oppor- 
tunity. Put it all together for yourself — at Codex. 


Transmission Products 


Codex is a leader in analog and digital transmission technology with state-of-the-art products. Now we are embarking on development of next 
generation high speed analog modems and digital (DSU, ISDN) network products. We are hiring Software Development Engineers at all levels 
with experience in one or more of the following areas: 


e Digital Signal Processing e Development of Real Time Applications 

e ISDN Signalling Technology e Device Control and Configuration Software Development 

e 68000 Assembly and ‘‘C’’ programming Languages e 1/0 Device Drivers | 

e Embedded System Software Development e Software Tools for Automated Product Qualification Testing 


e Industry Standard Communication Protocols (LAPB, V.42, MNP, etc.) 


Research & Advanced Development 


Research and Advanced Development at Codex brings together research, advanced marketing and advanced development in a unique setting 
to build integrated private networking solutions for the 1990's. The ideal Codex R&AD engineer is one who wants to see his/her ideas real- 
ized in commercial products; someone with outstanding technical ability and the desire to turn ideas into tangible output that meets real 
market needs. If you are qualified by education and have experience in one or more of the following areas, we invite your inquiry. 


¢ Communication protocol software e DSP firmware design for buffer/queue management in a 
e Loading, initialization, configuration and fault management soft- multiprocessor environment 

ware for networking nodes’ e DSP firmware design for processing and converting communice- 
e Directory services and call processing software tion framing formats- 


e Network design algorithms 


The work spans design, implementation, and hardware/firmware/software integration. Software engineers should be proficient in ‘‘C’’. Work- 
ing knowledge of structured design techniques and object-oriented development methodologies is desirable. Firmware engineers should have 
real-time microprocessor or DSP assembly language programming or microcode development experience. Familiarity with data/voice commu- 
nication/switching applications and protocols is desirable. 


Network Management 


Codex is experiencing significant growth in its Network Management Development groups. We are hiring Software Development Engineers at 
all levels who can contribute to our state-of-the-art development efforts for the next generation of Network Management products. Contact us 
today if you are a degreed Software Engineer with at least 2 years’ experience in one or more of the following: 


e Network Management Concepts and Applications ¢ Development of LAPB, X.25, ISO Network Layer, ISO Transport Layer 
e Software Development in ‘‘C’’ or Object-Oriented Language e Design, Implementation and Test of Reusable Device Management 
e Graphical Human Interface Techniques Software 
e Network Topology Management e Structured Software Development 
e Aegis or UNIX™ Operating Systems ¢ Development of IBM Mainframe-Based Applications 
¢ Development of IBM/PC Applications Software Under MS e IBM Netview 
Windows e Development of Network Management Applications Software 
e Database Definition and/or Database Tool Development ¢ Use of Object-Oriented Techniques for Software Development 
¢ Development and Maintenance of Standard Protocol Software e Use of Apollo Workstations 


These positions are at our Product Operations facility in Canton, MA, one of greater Boston’s most desirable suburbs. We are less than an hour 
from world-class, cultural, medical and educational opportunities and close by all of New England’s four-season recreational facilities. Affordable 
housing is within commuting distance. 


Codex offers an excellent environment conducive to professional growth, competitive salaries and a comprehensive benefits 
package including profit sharing, 401K and a generous pension plan. Our Advanced Sourcing concept allows you to add your 
resume to our database now and be reviewed against current and future openings based on your goals and requirements. Qualified 
candidates, please call 1-800-542-0606 or send a resume to the Advanced 


Sourcing Group at Codex Corporation, Dept. EDN412, 20 Cabot Blvd., MS Oe eee 
M4-70, Mansfield, MA 02048. An Equal Opportunity/Affirmative Action Just dial (508) 263-3857, hit return twice, and enter 


Employer, M/F/V/H. CODEX when prompted for a password. 


COOCK I: 


NETWORKING 
(M) MOTOROLA 


UNIX is a registered trademark of AT&T Bell Laboratories. 
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C 
Answer Is 


NEPCON East ‘90. 


It’s that simple. NEPCON East ’90 is the 

only east coast event that offers all phases 

of the electronic manufacturing process. One 
place one time. To make Design For Manufac- 
turability (DFM) real. It’s what you and your 
production team are striving for. In Confer- 
ence and Exhibits, the answers are at NEPCON 
East 90. Whether you're involved in circuit 
design, systems packaging, circuit board fabri- 
cation, assembly, through production, test 
and inspection—learn the newest technology 
advancements and see the latest equipment, 
demonstrated at NEPCON East ’90. To achieve 
DFM. To stay competitive in today’s electronic — 
manufacturing marketplace. The answer is 
NEPCON East ’90. 


ror 
hesuits 


NATIONAL ELECTRONIC PACKAGING AND: PRODUCTION CONFERENCE 


PN f a} me | ge yp | NS 
Ga GHG 

EAST ’90 
Exhibition: June 12-14, 1990 
Conference: June 11-14, 1990 
World Trade Center 

Bayside Exposition Center 
Boston, Massachusetts 


ACT NOW—Clip and mail this coupon today to receive your 
conference and exhibition registration information. 


: EDN041290 
Clip and mail to: 


_ NEPCON East 90 Cahners Exposition Group 
1350 East Touhy, P.O. Box 5060, Des Plaines, IL 60017-5060 


Please send me pre-registration materials for NEPCON East ‘90. 


Name 
Title 2 
Company 
Address _ 
City... SE LL ID 
Country | 

My company is interested in exhibiting at future NEPCON events. 

Call me at: 


CIRCLE NO. 145 


Sap, eed 


SO. 


©Reed Publishing 
(U.S.A.} Inc., 1990 


Please feel free to contact us for additional information: NEPCON East ‘90, c/o Cahners Exposition Group, 
phone (708) 299-9311, or FAX (708) 635-1571. 
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SPECIFICATIONS 


Freq. Range(MHz) 


Insert. Loss (dB) 


10-100MHz 
100-1500MHz 
1500-3000MHz 


Isolation(dB) 
10-100MHz 
100-1500MHz 
1500-3000MHz 

1dB Compression(dBm) 


10-100MHz 
100-1500MHz 
1500-3000MHz 


VSWR(ON) 


Switching Time (usec) 
(from 50% TTL to 90% RF) 
Oper. Temp.(°C) 

Stor. Temp.(°C) 


Price (10-24) 
(1-9) 


TOSW-230 
ZSDR-230 
10-3000 

typ. max. 
13 19 
1.1 1.9 
1.8 2.7 
typ. min. 
60 40 
40 28 
35 22 
typ. min. 
17 6 

27 19 
30 28 
typ. max. 
1.3 1.6 
typ. max. 
2.0 4.0 
-55 to +100 
“95 t04100 
$39.95 

$89.95 


TOSW-425 
ZSDR-425 
10-2500 

typ. max. 
1.3 if 
1.1 Lae 
1.8 20 
typ. min. 
60 40 
40 30 

= 1: 22 
typ. min. 
17 6 

er 19 
30 28 
typ. max. 
1.3 16 
typ. max. 
2.0 4.0 
-55 to +100 
-55 to +100 
$59.95 
$109.95 


10 to 3000 rom>39% 


Now, high-speed, high-isolation switches with 

built-in drivers, tough enough to pass stringent 
MIL-STD-202 tests. There’s no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem... it’s 
already included in a rugged, low-cost, compact assembly. 
Available in the popular hermetically-sealed 

TO-8 package or a small EMI-shielded metal connectorized 
case, these tiny PIN-diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
QuSeC Switching speed. 

Despite their small size, these units offer 

isolation as high as 40dB(typ), insertion loss of only 1.1dB(typ), 
and a 1dB compression point of +27dBm over most of the 
frequency range. All models are TTL-compatible and operate from 
a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current. 
Switch to Mini-Circuits for highest quality 
innovative products...and leave the driving to us. 


finding new ways ... 
setting higher standards 


[7 Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


CIRCLE NO. 146 WE ACCEPT AMERICAN EXPRESS 
F126 REV.A 


In Power Transistors, drive circuitry for lower system cost. 
yam loss is your gain. If all this sounds familiar, it should. Our IGBTs 
- Co Especially when it means “"|” tur use the same patented 
less conduction loss technology as our world- 
an |Z combined with greater 7 leading HEXFETs: 
switching speed. 50 talk to us about 
, International Rectifier’s 1 1 our new IGBTs, high- 
a 15K 20K 25k 304 Standard and fast IGBTs efficiency power tran- 
provide latch-free operation and clamped I; ratings 
for rugged, reliable operation. 


sistors for high-voltage 
ae ee ae applications. Just call 
Which makes them perfect for high-voltage IR at 213/640-6507. | 
motor control and UPS applications. What could You've got nothing to lose. 
be better? How about extended SOA and simplified Except loss. 


IeR||nternational Rectifier | 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910 348-6291, TELEX 472-0403. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH8 9BB, ner regres) a6 THLEX 95219 
CIRCLE NO. 147 


ment tools, Monday’s design ideas 

can become Friday’s field program- 

mable gate array (FPGA). Data I/O 

software and hardware solutions 

accelerate every step of the design 
process, whether you're implement- 
‘Ing asingle LCA or integrating an 

- entire system. 

 FutureDesigner™ software lets 

oa yc qu. design EON FPGA circuits 


= bos 97046, oo WA 98073- 9746 U S A. 1-800. 247- 5700/7 elex 15-2167 
oie Lav 1V2 ae ae a a 


With Data I/O®’s powerful develop- implementation 
with interactive ver- 
ification and multi- 
level optimization. 

MESA-I™ gives 
you a fast, efficient 
way toverify your | | a 
LCA design with or wii ee, 
hardware. Stimulate the LCA and FREE MESA-I and 
target circuit with user-defined sig- FutureDesigner | 
nals. Then capture LCA internal Evaluation Kit. 

- Ae states as the glee runs in 


( }20- -6622866/Telex 16616 Dario NL _ 


MESA-lis available for 
short-term evaluation or lease 
financing from United States 
Instrument Rentals, Electro 
Rent, and Continental 
Resources rental companies. 
— Finish every LCA Gesign 

Faster: Call now for your | 


1-800-247-5700 


any, 089 


